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gent, and-AD the Secant of the Angle-at D,.- 
And what. proportion the fide put as Radius, hate wats Ratings 


the ame;proportion have the other ſides, unto. the Siges;. Tangonts, 


” ir ig Parlor prootionhhtuot Ras 
Ag in tie ghirg Figure pr unto 
4 hath AB;to progortina _—_—_— Angle at. Dy 


"AD tothe Secaut of ghat Angle: and- on ices 


tobe. underſtood of thexeſk, 


And from thisgrougd wy itheCorollaries orCaſes follows 
ing, for the 'reelatio of right angled. Triapgies by-thres 
on kaowndexeral Larayes 7 "> | 

[fee 10n heralths ſid ſabtendiog the right Angle, 
the Hporhenofal and one of the fides containing the rightAngle,we 
callthe Baſe, and the other:-ſide the Perpendicular, As iatheſe Trian< 
gles, the H; pothenuſal is marked with AD, the Baſe with AB, and 
the-perpe ar with DB:and.it will got be amis to mark themal- 
"aſh: Jo;Tie. right Aagle is always one of the three: "hives: given. 
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' the ſecond and 
[+4 fourth : Modern Jooki: 


plement : : tc. for Lange OTB 
CAS E I, 


The Angles and: M6 giveny to Pg the Perpendicular. | 


A? let the Why propoſed be ADB,and let there be given the 
Baſe AB 76 & pRceh, aol © the Angle at D 67 deg. 23'. ( then 
the Angle at A is alſo known, being the complement tiereof)and let 
there be required the Perpendicular DB, then may this Perpendicu- 
lar DB be foundthree ſeyeral ways: For cs putting AD as Red! 
US, It followeth, thac / 


As Sine the Angle at the paadices; :.D 67 a 23” 9.9652480 
oportion t6 the Baſe: AB 568 paces: 2.8853612 


s. A\ 22-37. "9-5849685. 


ne the Fg at We mw | 


I ——————_ 
12. 4703297 


ln proportion to th Perpendlcalar, DB320 Paces, 2. 5050817 


Here ( according tothe 3 Prop. Ch. 2. ) 1add the Logarithms of 
and from that ſum ſubſtraCt the Logarithm of 

the firſt, ern) $ 2 2 g0yo817 is the thm of 
able for'the abſolute num- 

encaceſh to be 320; which. is the 


SAT Logaricha! of the fiſt, 

metical that total abating s, D 67 deg; 23'c ar. 0 2 
Radios is alſo 3 Hye bs. AB' ſhes Fn os 0003475 bo 
before. And the work ſtands «-, A 22-359 | 9 5340635 
m wa MANnNer. DB320 paces. 2.5050817 
This 1 avi explained'the operation in this fiult Ex- 


ample, we ſhall-be briefer in thorelt that follow, underſtanding the 
like in them alſo, Peet | po 64 
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As Rado 4 vy <5 NID '- 15 #4d 300 rppe #76 73 &ff4 art 24A! 
tothe +, 1 #5» AB 76S paces; =: 1  2+8853612 
ſo tang. y_ angle at the baſe. 4A 22-379 © _ .9- 6197205 
to the perpendicular; -+ - DB. 320 PACes. \. 2, Fog<817F 


Here becavſe the comp. Frith! of Radius Ctiich is in the "nothing 
is ©, therefore I kt down in _- fieſt Sa bnly Fob of ing. 
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ſo.is Radiug fa ae ga-00 © 10x" 

to the perpendicular, DB ap paces. E 50508 17 


Fecaxſi e the Arithmetical mt of 4 tangent to twice Radins or 
20..000000d.* if the 147; Seen ofubis \complement ( at hereafter ſhall be 
ſhewed) therefore IL ormer Example "aye beve-\put for the com- 
plement rr lnothr- . D. bis. tan 26) c omplement, and fo abdte - 
twice Radius : and the like en oy $54 do wher ad have | 4 t4lte 
" gent inthe firſt place, co We tz 
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| Making AD Radbnn, © | 

As fine the arglone th ang 67 deg. 23' £0. 47. | ovjyri2s 
inp ng to the Baſe * "AB458 paces. 2.8953612 
ſd $ [+ ro. 
whe Eypothenvſal | 832 paces. 2.9201132 
' almoſt 832 paces. _ 


» » b * 
; 5 


_ 2. Making AB Reins: | 
As Radius . s go deg. 00, co. 4r. 0. 
portion tothe Baſe: « AB 678 Paces.  2.8853612 
ſo is cant the angle at the Baſe, ſec. AL 22-37. 10.0347520 


ſo the Ae ulal. LP AD 832 Paces. 2.-92011J2 
How a Secant i is ; found by the Table following, wes have before 


ſhewed. 
3+ Making DB Radind, | 
Rong che anglear hep Pen. eD67deg.23' c. 4. 9.6197205 
rtion tothe - AB 768 paces. 2.8853612 
Bos No leembe of the ſameangle, ſr. D 67-25 10.4i150315 
Hyporhenuſal. ' _ * AD 832 paces.  , "Ja 
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Bb he Angle with the Hyobenfle given, to find the Baſe. | 
"Dat: AD} 3 plecs P62 p. 23", ts 


" 


, A 2 s godeg, oo”. 0 are ©s 


to the Hypothenuſal : AD 832 paces. ' 2.9201233 © 
ſo ſine the angleat the JfIN 5 D 67-23, 9.9652480 
to the Baſe. AB 768 paces. 28852713 


&. 0 
2. Haking 'AB R, 


NE eaten ne is unto the KFWEFS AD: fo 
is Radius to the Baſe AB, x | 


o | 3. Making 


_ The Boſe and Perpendicular gives, m judo Ang 
Fo | AB.768 paces, DB-320 pate. : Requered A or D. 


3- Making DB: Radivs. 
Xs the ſecant of the D, is vnto the Hypothenuſal AD: fo 
bs IE De eD, bovnebalh AD. 


; "CASE's 


As the baſe, _ | "AB "68 Paces vv. ar. 71146339 
1$ in proportion to Radius: : 32yodeg.oo!. 10. 
ſo is theperpendicular, | pocnd 2 2.5851500 
$0 tang, the angle at the baſe. £ Wed _ 197888 


As the perpendicular, . » Making, DB Rad 320 a £0. #7.  7.490438500 
isin pro _ to Radius: £8 A ref 10, + 
ſo is the ba aſe, paces. 


cotags the Hig the per. #1 Ton: Es EN 12 


{ * And that are thefr anger fornt wich leſrchan « minnr evroy, be that 
a_ oſs wy uſetbe wx "eu before ſomedCap. 23- Prop.s. 

 Saffice in che Exaniple of his _ ta. ſer dot meaſure of 
per and anglesin degrees and minutes : br wr broviny, 4s, ot £8 
$then young Beginntrs with all things at the ff... 


D 2 | CASE 


| Eons ohne x07 BY Si 7 + 


Dat. AB Bak s, DB 320, Requi 
Fir = 3's 
As the perpendicular, 320 PACES. co. Ar® T7» 49485co 
Is in C Wkiy: ro 23% hn 2 g CT 
ſo 7 DIE CPF hs * 768 3 Pacer, O 2. 8853612 
to tang. the angle.atithe pgcp. *Dis deg-8y! wb 1TJBorrTe 
Secondly, by the ſecond Caſe. 
As ſine tie angie at the perpev. 4D 67 deg. 23/. co. ar. 0.034750 
is ipxproportion to the baſe ; , AB 768 paves 2.383361X 
ſo isRadius} - Pau | ag009' |. 
to the Hypotbenufal ” —.AD 832 


Fx els 
"The Baſe ant: Fhpotheniſal given, to find an angle.” 


Dat. AB 768 paces, AD 832 paces, required D. 
* IF: On: ADi Radios. | 
As the Kypotheauſa] "'AD83 2 PAC. 00- ar. "7; 6798767 
is in proportion to Radius; $1, 4 gO 00'.:-! | 
ſois. baſe, CL, | AB 768 paces.” ike rg 3: B8456 6 v2 
| angle at the £..4D 6x 23-5 2359 - 
to line SINEKLS  erpans. AB Fades. 32 = Kb} ”v 


As the baſe AB, is in proportiofito Radius 
ſo bebe jypadnaal8B uEowr of of the gion the baſe A. 
7 i264 03 9 


tt GE 7 
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; Da, AB: a rs AD. $32.Þertr, "required. DB. BY 


Axis + Hoa abr; -.* 6 0 32 PUG our 7. 7. 0798167 
Hong 10n co Radius: . 4H | 
_ 268 paces... -2+ 8853612 
to line the cgle at the perpen. + D 67 deg. 23". 9. 9652379 
S' Secondly 
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© istans* the ate Duſty LY: 1 de Sr 24% | 9:6197205 
to the ealariqo 4s DBi320 ———— 


Me ; 3 inhis bats. Log aritbmhica C. wa but. in the. ſe- 
editeC. MY ho NE Cs more readily. thus... : bo 
ake the Logarithms oy” the ſum and difference of the Hypothe- &- 

.uſahand ſide giren,!.balf he ſum.of thoſe gwo Lagann is the 

Logarighm of the Perpengoer or ſide required, "a 
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ſeg; f "though the ES nk ofa thee Caſes depend upon one | 
his the Axiom before puts, | 4; 
T he three Axioms following /are trueio all pkin Triavgles,. "bat 
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In ob plain Triangle” "the "les art in ck pro po tion. ove to 
CoO5S; axother, as are the [izes of theix oppuſite | Ty 


A bo the Tring le” ADE. 2h the fue ND 4's rapainch +'ED 

Foe he ſr f engl wE; to the far of oh 7, gn og Hnd 

* 

Ron. 7 ie. the T Tenet 4DE, fob the Cirele ADEC, + 

5: : 4 Eudlid. | . 

Demonlt. Then are the fades of the Triangle ADE, as 

8 thor in the Circle ADEC. $0 that as the chord of the ar, 

ur rt tion ro the chorde th6'wwrb-ED; {+ > the fide 
gle AD, to the fide ED 4 antdiht like dries be ) 2 

fedeabds are ſines cafe arches ſubtended by thoſe grads. , and 

3s to the iifo bs the half to the balf< "There res the 

for 9 of valf the pow AD Ck 5s 5 3b 20 the fine of half - the 


FTC 28 
cout Sor 7 MA ory __ 


arch ED «« the meaſure of the -_ © 
WS #A' « 4014; »Euctid.- B14 (= 16 


| Laith 33 the 
F " iid 


the bkg "5s to be underſtood of 
"the fide NE, and his oppoſite an- 
gle at D. Therefore in all plain 
— » . Kc. which was to 


be prove 
wr he E A: AD * 5 
fu ng 1 the fr of 7 vs E the feof Roh fone > ED. 


5s the fine of the a Ato 
fide ED, &c. Therefore, FRY OV OT rs 
, C ASE 


' 
Chap. 1 
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ELSE 20” 
ITY INE 
The ann of + Tyhmgh EY: Sands 


Ec > be ela the angle _— 
E2 at A;+ eg end 
theangle at F 53 degrees pe 95a 
and the ſide AD 78 paces + 
And let there þe required the | 
ſide ED. . Then by this Axiom | | | 
As the ſine of an angle, i 53'deg. 0$'. co. ar.” - 0-0963917 
ix to his oppoſite ſide given: AD 780 packs. -  2-3920946- 
ſois theſine of another angle,” 'sA'22-5. +9. 3s 
ro his oppoſite ſide required. .ED'355 6d rey fere. \ 25759508 
Here it is erred 375 paces, but wants font -incbes, but 375 51the 
number in the agreeing to the Logarithm 2. CR Y th. 
out 4 fraftion , pa pens pur Beginners with. fraitions at firft, 


having poker Jſficiemly of them; Cap. Tn, wo 
Cc ASE CY 


Two ſides being given, with 4: oppoſite. to one of them: 
tofind an nxOoypoſert tothe other of x=þ= Ms 


Dat:. AD 73a, ED37x8,\1 Tf. -E 1 dag eR.. 

Required the angle ds s CER 
As one of the ſides given, | a 780 par. oY 010780 P 
rothe ſine of his oppoſite ang, given, 435 C: (5:49 2S+J0OJ L993 
ſo is the ather fide given, . whe *\ 1, 2<24Q343 
to the ſine pf his oppoſite angle req: «A.2.2 G37 "x5B3oxyo 


- Tn the uſe of this laſt Caſe; the oppeſſte to the reef} ſide. wing 

required, Ee ns DET, or «bs > for 
in the Triangle ADE, inthe ſcheme of the herond Axzom. | 
As ED 375 parts, tes A22 deg. OED 
So AE 945 parts, t0$ D 104 deg. 15". . 
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\-: pofire angles , raghe. ; peat of the erence i ether of © 
"them, @hove or under the hatf ſurs y: 
. Le ADEbte: an- oblighe Triengle 1-92 . = 
Conſt,” Make AC: abd\AH-.cech equal to AD, _ | x 
4nd draw DH, and parallel thereto: draw EG; | ©: iP 
and draw # linefrom Cro D, extending it to.G., nl x ant 
Demonlt. And-forefmitch as, .AB) w..equal to... 
AD. therefore (by 5-1.Euclid.-the an e AHD is 
equal to ADH, and by the like rtaſon 'the angle 
ACD, #equal ro ADC, therefore tho whol# ang le 
OO ebothibeſtanglesCHD andHOD3 - - 
ore by cours 3.4 3-Egelid,. mole angle... 
ro ity in: rl _ feral as EG 5 


toH i op 
aces or it 5s equal. INTE 
- 7 angle CEG 55 equal 


fine, as EGC FF oſs _ 
HaaDEGIBu#(by32. 1.Euchd:): 
D3s: eqw4l to the two inward 


a le-AF 
here = LEDH;be ADH commontoboth ;, 
Tort e two angles go —w ADH, are equal 
CARD. ad $7 therefore : either of St ORTES, \! 

Poſe ws Wes A Dang 7 Aba is half the ſum.  mþ--.-.-:-: xp 
of thoſe two ai) AED axd ADE, therefore. al of no 
* m— CEG 5s half the ſum 0 RG ane + E 
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-| Now 1f 10 one of the ſides of @ triangle! there be -drawn a parallel, it 
devides the other ſides propartionally ( by 1.16.-Euclid.) therefore as CH 
5541 proportion to HE, ſo is CD-t9 DG : |:therefore. alſo. compoſed. (by 
18, Fo Euclid. ) As CE to HE, fo #£ CGro DG: that by: 1-5 
As CE the ſum of the ſides AE and AD, © - Le: 

' 5s in proportion to HE their difference -\ 1 11 Strppiadt 
fois CG the tangent of half the: ſum of. the angles AED and ADE, ; 
to DG the tangent of the angle DEG being that which the angle AED 

comes ſhort of the half ſum ;- as HDR ifthepxceſs of the angle ADE, 
above the half ſum. $7 

"Therefore in all plain triangles, as the fum of two fides, «5 to thisr dif}, 

ference ; ſo, &c. which was to be proved. _ yen | 
Therefore in any plain oblique triangle : 


b CASE 10, 


Two fides, with their contained angle being' given: to" find the 
© NP RF Sf TT ng ps OTB TY 2 
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AE 139 ps 345 57%, tu 
Dat. 94D 156 pac. 4 differ. 33, er, | 

| A22 deg. 37”. - 

Requ. Dor E ;, which together | 
are 157 deg. 23', being the com= , \'1 1 
plement - of the angle * A'\ 20; 1Bo Ds. WM 
deg. 00', bythe firſt Lemma. Ad- i 1 ont”, 


As the ſum of the fides iven;( AE+—AD) 345 parts. 6:4. 7-46218 10 

- in propor.to their di pong E—AD) 33 1.5185139 
oisthe tang, of the half ſum | j 

of their two oppoſite angles; ea (E+-D) 78 deg. 41's 10; 6990331 

to the tangent of an angle eF 25—33% 090.6797280 
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a Trigonometry. 


Here: (AE AD) fignifies AE more: AD, or the ſum of:them-'ad-- 
| [fed together (AE=—AD ): AE'ieis AD, or the remainer:of 
{AE when AD1is-ſubſtracted ; 27 ED the tangent of half the 
ſum of the angles E and Dt fe 7 7 | 


The angle found, we mark withF only for diſtinCtion ſake; andthe 
like'is to be underſtood when we --7-pfvwung the like notes; 1 
* i=IC4- 33 $1.9" Ss 4d Jt "34+ T el va'y $4 Iv (I UAE 


{4 : 1 \ *Y . 3.4 $ + - % S 4 : 
; W3s%X 85.4% 1 : Ko A C A'S ER--n1, 


Two fides. and their contained: angle given : 
third fide. OOTY SY ARWn 
Dat. AE 189 paces : AD 156 acer: A 22 deg. = 
Req. ED. a5 & 

| Firſt, by the temh Caſe. 

As the fur of thefides given'; C(AEj-AD) 345 par. £.4.-57.4621819 

isin proportion to their difference: (E—AD) 33 parts. 1:-5185139 

ſo is the tangent of the half ſum :2 E4-D)8.de da aha 

of their two oppoſite angles: 5" 3 ch F—+ —c16.} 2 

to the tangent of an angle: s F-! : "25331 9.6797280 

E' *53—068: | 


to. find the 
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Which 
ſum leaveyt ang . 


the erghty Cafe, oo 

$E 53 deg; 'o8*c.4. 0.00689 17 
is in proportion to his oppoſite a: AD 156 paces 2.1931246 
ſois the ſine of the angle givenz »A22 37 9.5849685 
to this oppoſite ſide required. '-- _ © ED95 paces 1:8749848 
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| AXIO M-\IV. wit ws 
Is oblique Triangles, as the true by i in proportion to the 
hlternate. baſe. _ hs {LI aol. han 
....- As.inthe oblique Triangle: ADE. 
: Caſe Is | 


Admit AE tobe the true 


T1 ſay then, as the true baſe AE; 4 wwthe)ſum of the ſides AC. 
.” $0.5 the tiſſerence of the ſides. AF yorke tevinare buſe AL 
monlt. For ſeeing that from 4 point without the circle A, there 
is drawn the line AC cutting the 6irtle, "and the line AG touching the 
circle, therefore ( by 36. Prop. 3: Euclid. ) the ret angle Ps eof AC 
and AF, - 1's, : equal 00 the ſquare of AG: 'dnd by the like og; 4 
reftangle-of AE, and Al, is equal to the ſquare"sf A ” 
the reftangle of AC.aud''AF," 51 tifhal to the reft lk ofM \and AE. 
But equal reitangles. hav their fittes) reciprociilly' proportional (i 14 
Prop.6..Euclid.) Thekdfore as AE 5} rogers 8 AC;'fow AF ta 
AAS hmm a 49e !4 _ bl IVE Ep alR 9:7] ON 
31 14 Th rmitght | 2baf6 are ht orbions tn nn i E1 
A IEIEN AY ee eu ay W yrbers,” Which Fr febs 
44d b; E 2 Caſe 


: 4 
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The ike demonſtratjapi\ ſerdts Q ! 
for the other two caſes in this 
Axiom, namely, if welet fall the _ 
perpendicular "from E, making + 
AD the baſe:"\. For then upon the © 
center E and diſtance ED. (ED 
not exceeding EA) deſcribe the 
Circle, &Cc. proceeding” 4 before ®: and if you place the letters as in this 
ſecond figure, it will be agreeable to the words of the former demonſtra- 
tion; ſuppoſin 7 extended to'C. | 
e 

Or if the per a be let fall 

yd the baſe, then 


er A, an ance AD 


( AP not exceeding, AEY, deſcribe 
a WE and ſo proceed Wrehefore: 

ow plice the letteys ag 51 W 
i 4 be &« eealle Fog 
tot dexpyftr atiga ops 3 
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alternate baſe. 


CASE) m2, 5 | 
Three fi des of an oblique wage ahve: to fad « 47 ; aig 


Dar. AE i$g ACes AD 156. pac 
ED OE i Gays 3 p Via the firſt triangle. - 

\ Firſt, eel this ah, 4riom) kreſoive i it mto __ right -oeied 

Re warns un oItk) 

| me” AE 28g! pac. ov. ab [I $1247 392 
Kot a Res” - CAD-FED) 251 PAC. 2, bi24ht 
fo is the difference of the lides - CODED). 84x pan 1.908850 
to the alterdite baſe : Al 25": 


thus th aa 
greater, india in the 
TP & (by 
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alternate baſs/pſybſteadt the Fe nz 
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(by 3 Prop. 3:Eucha.)reſolving the oblique triangleinto wn; all- 


gled rriangles;in either of which the hypothenuſal and baſe js known. © - 


* As the difference of the trud and alternate baſe being go paces, the half 
is EB 45 paces ( ſerving to find the angle at E ) being the baſe in 
the right angled triangle EBD. | 

Which half bere ſubſtraltedifrom the true baſe AE 18g paces, leaves the 
baſe inthe other right angled triangle ABD, namely, AB: 144 paces 3 
ſerving to find the angle at A. ET A TRONIAr} F110 a 4k 

. Theii in che right angled. triangle- ADB, having. the baſe AF 

144 paces, and the hypothenuſal 4D 156 paces, we may find the 

angle at A (by the 6 Caſe befcre going) thus. 


As the hypothenuſal, AD 156 parts, co, ar. #4.8068754. 
is in proportion to Radius: - + godeg. oo. 
{is the baſe-found, . . AB 144 parts. 2.1583625 


to the ſine of rhe complement | 
of the avgle at the baſe. 7. A Gy. 23 9:9652375 
the complement whereof 22 deg. 35'is the angle at A required. 

fn like manner might be found the angle at E. þ! 

I 1 ſetting down this foorth Axiom; Fhave followed-the Lord Ne- 
parr : Piriſonw ard others have it thus. 1168 

As the greateſt ſide is to the ſum of the other two ſides, ſo i the diffe- 
rence of. theſe rwo, to a part of the gregef : which taken from the greats. 
eſt, the perpendicular falls in the middle of the remainer. 

As inthe firſt figure before going ; as the greateſt ſide AE, is-to. 
the ſum of the other ſides AD and ED (that is. AC:) fo is the dif- 
ference of thoſe ſides AF,; to a part of the greateſt- Al : which taken. 
from the greateſt, the remainer is IE, in the middle whereof: at”B, 
falls the ot ang ro , wy 

Which differs little fromthe former, and is demonſtrated inthe 
ſame.manner.. .. , - | | 

Now that you may at once have a view of that which we have he: 
fore in this Chapter more largely handled, I have dizeſted- into this | 
Table the things grven'and required in the example of every Cale, 


- expreſling alſo briefly their proportion and operation; fothat here- 
> by you may be ſufficiently directed for the ceſolution of ptain trian-. 
=Z ges. Thoughl would rather adviſe every man-tocommit-tomemo= 

2 ry the four Axioms beforegoing,and to groygd his ptadtice thereon. - 
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_ 82+ given, the fide ek, - a lo B. 4 BR a. £ '. 
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*, L ſo 34 Radius, to the ſecant tom pl of that arch \, 0 the convetſe; BY, 
A and ſo keths rangent of that ys. to his ſecant ; ooh. 


D. fo tang, DB, to ſecant AD; in the ſecond triangle. 


|: | fo is Radins DB, totang. AB ; in the third triangle; o- w04 he con- 
2 fois ſine DB, roſine AB; the fi-ſttriangle. verle.. 
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- CHAP. IV. 


ITISIC Y S in his 7 rigonametria, hath four Theorems for the 
Pp? varying of proportions, and for the finding out the thing re- 
quired.in a plain or ſperical triangle ſeveral ways: | which briefly 
are in effe&t as ſolloweth. 

The Grounds or Theorems for varying the terms of the proe 
portions of Sines, Tengenss and Secants.. 


Theorem x: 

The proportion of Radime to a-fine, tangent or feeant; ;' awd com- 
trariwiſe the [ay-ae>. of a ſine, tangent or ſecant to Ra- 
dins: may be waried three wayes, 21 the BY Axiom of 
pain Triangles. 


, [an 
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” SI 


For, 
As fine DB, to Radius AD; in the frſb triangh, 
fo Rad. DB, to.ſecant AD; snthe fp miengle, obo ag e cots 
Again, 
As tangent DB, to Rad. AB; in the ſecond rriangle,. 


And the like is to be underſtood © fecants, but this may tuffice, 
Hence then, | 
+ the ſine of an arch or enfle, #50 Rathnr: 


Alſo . 


* 


34 -  Trighiometry.: 7  _Booki 
Alſo | i 
Airhe HAAR _ an arch or angle; wrto Raving: | 
fois Radius, to the tangent complement thereof 164 And the converſ. 
and ſo is the f ine thereof , to the ſme kf compl 
rollacy, 
Hence i its evidene; chat Radius 4"mean proper! ional between the ſine of an” 
arch, andthe ſecant of the complement of the ſame arch: alſs between 
. the tangent of an arch, and the Fangene of the complement of the ſame. 
arch. 

And hence it Is, that the complement arithimerical of the artificial 
fine of an arch, is the artificial ſecant of tht arches complement. 
And -the complement arithmetical of the artificial tangent of an 
arch, is the tangent of the complement bf that arch. ( Here you 
are co.underſtand: the EET RI twice Radius, Or 
£0 202000000. E b 
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Ar. 4 tangent a 
For ſeeing the\ tb Radius: 
proportion sf ſo is Radins 


10. compl. 
Thereford (by 3 Pro "" ) an artifcht/ tangent ſubſtraſted 

from twice Radios, (cnet angent of its compl. 
Or (bythe Gr the'3. Prop. Ch. 2.) a rangent. added to 


y ma eons the isequal.ro twice Radivs. > | 
And the like is tothe &derit ſtood. of thoine gf an arch, and the ſc- 
cant of the complement thereof. 


_ _ Them 2, 


The fines of {e wveral Fan ER and the_ſecants of their comple- F 
ments are reciprocall proportional. Thats Is, 


- Arebs fg of an arch or ang le, Eee ws 1 
« pra + of atnrher = ar 41 ule s / 
; ſow the ſec the complement of that other, | 
s ac fmt che ob ans of the t ormer . ;* I» 
Demonſt. For C by the foregoing Corelary ) Radius is the mean 7 
propart berweenthe ſine of any An and the ſecant of thecon- b, 
plement of the ſame arch. , 
'T herefore 8 
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Therefore the Kd ngle ofan homer; of the ſecant "of his com» 
quare 


lement; is equal to the us by 19. 6. Ewclid, ) ſo that 
*f por mk de of the fings of-arghes, and the ſpcagts > thoir 
; complem Te FO one to another, ion 
But: equal r es have their-ſides reviprocally propo l 
( by 14+ 6. Euclid. wy herefore, #6. 


wP*z ” 


| Theprem 3. MY 285- | 4 L-+ IJ 
The cangents of ſeveral arches, an le tangents of their cOm- 
plements, are reciprocatly rg *That 15, 


| Asthe tangent of an arch or angle,” ; 
5s tothe tangent of another 

ſo 15 the tangent of the complement baregs: other, 
to the tengent of the complement of _ former. 


Demonſt.. For (-by the foregoing Corollary c Radivs. ist 


proportional between the tangent of evety arch, and the tapent of 
his complement. b 
Therefore the retaggle made of any tangent, and of the tangent 


of his cemplement, is equal to the ſquare of Radits( by 7s - x 
clid. fo that all reQangles made. .ot the-tangefit vf-archey; -and 
the tangents of theig IE IOLSS _ another. OR # 
But equal rectangles, E-38 Þelore:., \\ Ae HR; 
Theorem: 4. ado; Ms 09h a 
1f foay magnmiudes be praportiopel: 
TI OOLPRG? - 16 PEO. 7 jt {« Pl Whit, 0388 FL pp? 
| by TA Wa Rt ts fa KR): 
And. the like is to bs oa Bol of Numbers. ot 
As if 3 be in proportion to 4 1 as 940 12+thenaldgi. 7 611 
As FILL 0.9% guano is 4 £012... 


whereas we baye before rhronghqmy .this- hook” com. 
voy ides, : fines and ma 
pit c4.tof lex, andangles ton ll Tg oxemplary Tolle 


have done 91m A? 211) ?£97TY 791130 Tis Jo bas e@ 139mixÞ. 
And thus milcht rovching the FER Plain Triangles. ns K 
HE 


Md 4 4 5 & 
' EY - * Il. b 
- ® 
: 


ck 


Ip +f1197 uo ing2N 5 


407 rifle 1ng90 1s ?o nd gigs 


DOCTRINE 


SPHERICAL TRIANGLES 


CHAP. 'a 


Of circles of the Sphere, their ry ; ow of the 
kinds and affettions of Sp rical Triangles in general. 


—< © define in this place the ſeveral circles of the Sphere, 
T F 2 \; were ſyupetRuous;becailſe they are beſt underſtood in 
2 17 the uſe of the Sphere or Globe, wherewith it is requiſite 
the Reader ſhould be acquainted ( at: leaſt in part) 
a - before he apply himſelf ro the Doftrine of Spherical 

iangles. Therefore/paſling by theſe, m= come to: thoſe* things b: 
which moreimmediately Concern Our preſ eo ooh . YN 


Prop. The ſides of 'a Spherical” Trianglt are three * arches of x 

b. great circles, every arch being beſt than" aſfemicircle. | I 
Wn . Therefore the arches of parallels, or rb leſſer circles of the Ed 
Sphere, are not to be takgn as the fides of a Spherical triangle. It 


i ® 2: Appear iircheuf the heregis that which divides the Sphere. 

 & equally into two Hemiſpheres © and 15 every Ser diſtant 

from its ovn yu by a ' Fully ans, « or fourth part of a grear S 

circle. £18556 3H PQO3EY! FX 

|; þ; IHE the EquindiaPlva'greateircle of the Sphets; lividing it & - 
nally into the Northernand Senthern Hemiſpheres ; and it isevery & * 
Te being date own po$ namely, from the Notth'and # « 

| en sf the Nori} BY ie, or 90 degree .. "The like = 

Mak;ohd of all Horirs ns, Meridians, 
- Azimyths,. and of ond of alt oh ei ki of the Sphere. EA 
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$4 he 37 

A AX pert angle cſs *the- w4Y af 4 preat Hrek, 

ibed onthe angular poiurs ai'a Heprey, wits the, Maes 
yy extended io quddnants.nags 107 wh 2! 

- Fhus.ia ShcA Xt ney rr the angle A D 7 is wob' 'meaſt- 

. red by the arch A E,but by the- arch 1 B : becauſe 1 B is deſcribed on. 


\ the angular point D, asa center between the ſt des DA and DE, 


"being extended to quadrants. 


- 4. Any two great circles of the Sphere, interſett caedabntel is 


two oppoſite points , making the angles at thoſe ipoints* "equal 

one to another and. either: of them equal to the diſtance" of 

- the poles of the [ame circles. 5 

As the omen and Eciptick interſeft one .another in the 
points'of Aries and Libra, which points are directly. oppolite one 
ro another, being diſtanta ſemicictle or 130, degrees z. and. the abs 
-gle by them comprehended | | r 
at* the "beginning -of - Aries, 
is.. equal to thar” by. them 
comprehended 'at the bee 
ginning of _ Libra :, and ei- * 
ther © theſe angles is equal 
to/the diſtance of heir poles, 


(Thus alſo in-..this Scheain 
the azimuth G LKinterſects 
the\, meridian,G CK in the 
oppoſite-poſiits G andK( that 
is in the. Zenith and Nadir ) 
the angle of theix interſecti-: 
on at G, þeing equal to 
that at, K3 either of which 
angles is : meaſured :by the 


2 . archofthe:Horizon' eL,; 'vwhich/1 1s equal to. ED, the Ciſtanee' of 


the poles of the ſame circles. : 
Corol.'\ Therefore if ©a"giroat tirele! of the Sphere? —_ by the 
poles Fd another great civelegit divides the ſame at right angles; 
TN #PR £0 zverſe F 
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- the fides FA and FD, are the com- 
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"ou bath dppofuos5"'excb abiits Soc 
"a ms tes gee 
e angle oppoji te thereto equal," the other, ery of tt cave" the 


Ne Men of — pou my ras ſemi- 


| [Lee AD E be a ſpherical al, ail citefd the ſides thereof 
D A-and: D%&s till 'they concur.xr B, alfo ADand A E, till they 
rat; and-latly,.E Aand ED, : tiff they concur at F. 

are: the: arches DAH,DEH; AEG, ADG, EDF, and 

EA oj ſemicircles ( by the fourth Propolnion. ) And thus to each an- 
ce point of the triangle, A D E, there is oppoſite another triangle 
ing the ſane baſe with the former, cc: As to the angular point 


eatE, and the baſe AD 
th triangles, and - 


, thre oppoſite the triangle AF ie whoſe Tum at -F- emual | 


Is, ons to 


Pplements gbthe Aides A E 77 DE; 
and a FAD and FD A, 


DA. "x "ya 


__ to a ſemicircle, or to. 


-Fhe like ce tight be fad: of thegri- 

argle D G E;\ which, js oppoſite. to 
; and of = ww | 

| oppoſite 

the angulat Point D. So that = NN fe things being given inthe tri- 

aogleAQE, there are the. lik& given in every ofthe! triangles. 


e"the-tvtdngle to be reſolved be obtuſe angleg, or 


$4ve two of his des ether of } greater than a 'quadrant : though 


fi the thing required: inthat, yet igwiltbe moreTon- 
mts one of the leaſt of the thvee/ triangles oppolite; to 


| Fe & ifaqueſtion- were-propeſed- in- thei'triavgle 
ah tht morn de Iisthe mangle &bD- 
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This is apparent by the fourth Propoſition of this Cha er,andfoth . 
this, and the latter part of that may be further manifeſted thus. 


Let AD be anarch of the 


tick,E Dan arch of the Horizon, making the triangle ADE; and 
let G be the pole of the Horizon, F the pole of the EquinoCtial, and 

. H the pole of the Ecliptick. Then on the point. A asa center, ardat 
the diſtance of a quatrant or go degrees A M or AN, deſcribe the 
arch M N which ( by the taird Propoſition ) is the meaſure of the - 


angle at A, and in like fort 
OC, the meaſure of the 
angle at D, and ÞP L, the 
meaſure of the complement 
of the greateſt angle AED 


= to a ſemicircle. And for- 


aſmuch as the arch M N is 


= diſtant from. A 93 degrees, 


and-the poles of the arches 


* AD and AE, namely, F 
zz andH, are alfo( by the'fe- 
= cond Propoſiton ) diſtant 


from: the fame [point A go 


* degrees; therefore: the arch 


M Ni being produced, will 


i Andfor thelike reaſon, -the - 


Þ} arcOC, will paſs byzhe pol 


: triangle GHEF, are equal to the angles'of the triangle A | Wo 
i. E VER 
For the quadrant'F N:is-equal tothe quadrant. MH; nnd aki; : 


6. If three great tircles make:iby. their inter (cit ions 4 ſpher:- 
' cul triangle:yandif- the poles of thoſe Sane be rai 
points of another ſpherical triangle: the angles of the "firſt 
trianglefhalt be equal Yothe fides of the ſecond, and the fides 
of the firſt, to the angles of the ſecond. If only inſtead of 
the greatelt ſide, or -greateſt angle, you take the comple- 

- ment thereof to a ſemicircle. ns | 


FF 


EquinoCtial, A Ean archof the Eclip- 
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 whichis evident by the 


IF as | * 
FIC ONOMIETTP, 


_— 10me 4 + Book II, 
be N H, which is common to them"both, there :remains the ſide 


angle at D, and G H is equal to. P, the meaſure of the complemene 
of the greateſt angle A E D to the tworight angles. And in like ſort 
we may prove that the ſide AE, is equal to M P, the meaſure of the 
angle at H; and E Dequalto L C;, the meAure of the angle at G ; 
and A D equal te N .O,the meaſure of the complement of the greateſt 
angle G F H to 180 Uegrees, Therefore, If three great circles make 


. by er 53nterſeltions 4 triangle,. &c. which was to be proved. | 


| Corollary. 
Hence it ts evident, that the angles. of a ſpherical triangle, 
may be changed into ſides, and the ſides into angles. . 


7. The three angles of every ſp herical triangle, are greater than . x 


two right angles. | 
' The demonſtration hereof you may ſee in Regromontanus, Pitiſcus, 


Snellins, and others. 
8. If 4 ſpherical triangle. have one or more right angles, it is 

called a right angled ſpherical triangle.” © 519 
9. If a ſphtrical triangle have one or more of his ſides qua- 

rants, it is called a quadrantal triangle. T IN 
10. 1f itheve neither right angle, nor any fide a quadrant, i 
N Pop tnes Aran A Fra FEW er 
TI.. 1}. 4 ſPUCr ical FYeang or right angita, 4A quaaran- 

val, the ſides thereof are equal to the oppoſite angles. 

For if it have three right.angles;the three ſides of it are:quadrants; 
if it have tworight angles, the two ſides ſubtendiog th 


drants, and the contrary; Ifithave one. right gngle;/and, preſide a 
quadrant, it hath two right angles, and-two quadrabtal Hides: all 


if two'ſides be quadrants,the third meaſureth their contained angle 


by the third Propoſition. Therefore for the ſolution of theſe? kinds d | 


of triangles, there needs no further Rule. .; - | 4 


, [I & 


Mer- 


equalto MN ; which\arch'MN-ig-the meafure-of the-angle at - 
A.” And bythe like reaſan GF isequalto.Q O) the meaſure. of the. 


rhemare qua- » | 


rollacy of the- foucth Propoſition. 'But | 


To'theſe,we'may add three Propoſitions ſet.down bythe Baron 6f | 
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ine,.in his Book of che; uſe of the. admirable. Table of Lo- 


3 garithms :,deing/as followeth.. + - 7 | nfs at 
Wh - x2, Thio oblique angles of « ſpherical triangle, are either of 
' them of the ſame kindbf which their oppoſite ſides are. -& 
Therefore knowing of what,kind the one is, itappeare thalſo of _ . 
what kind the; other is. | rTP” 5h pe pp Panigey 
13. If any angle of a triangle be. nearer: t0 a quadrant than his 
6: oppoſite fide : two ſides of that triangle ſhall be of one kind, 
3 and the third leſs than a quaarant. | 


= 214. But if any fide of a triangle be nearer to, uadrant than 

ky bis oppels's angle, two angles of that $riangh fall be of one 

= kink, and thethirdgreater than a quaaramt. (| ,\ 
mn. CHAP IL; in 


{'Þ Of the firſt fundamental Axiom for ſpherical triangles: ayd 
4 = ſolution of right angled and*quaarantal triangles - 
thereby. "ea Ks 


© T)/TI1SCUS, and otgers to theſe times, tor the ſolution of right 
5 | angled ſpherical triangles { not medling with quadrantals) have 
= delivered two Axioms;, by help whereof, two things given ( belides 
; eee angle Ya third may be'found.But for the moſt part, the ſides 
2 of the triangle muſt be produced, that ſo there may be divers trian- 
= gles mgdeby their interſeCftions,conſiſting of the parts of the firſt, or 
= of the complements of thoſe parts diverſly. And then it muſt be'con- 
ſidered, to which of all thoſe triangles one of the ſaid Axioms 
aptly and jmmediately be applied,” for finding the thing required, or 
_F the complement-thereof., But thwhonourable Lord Nepair, amongſt 

|  manyexcellent Propoſitions by him framed in the; Do&rne. of T1 rian- 
= gr,bath two, which we intend to- make uſe of, as fundametital 'Axi; 
27 oms for the ſolytion of all the caſes of ſpherical triangles.» The ficſt 
= ſerving for the ſolution of right ' angled and quadrantal triangles, 
© without: roducing any ſide, which after ſome preparation therennta, 
we wilt fet down with ſvine litcle alteration, .anſveraple't0 the na; | 


tufe of the Logarithins now in ule. . 


Lafe 76 
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angled fpherical triangle hath five parts © 
belides the-right angle ; | which -he- calls -- | 
. thenatural parts : as the triangle A B D, * 
right angled at B, hath the fide A B, the 
angle at A,' and the Hy noſal "AD, 
the angle A D B, and the ſide D B. Three 
of thele parts which are fartheſt from 
the right angle,namely.the angle B A D, 
the Hypothenuſal»A D, and the angle }- - 
A'DB,. we mark or note by their com- D cowl. 
plemments to. a quadrant. As the angle TP —_—— f 
B A D weacconnbas the complement of the ſame atigle, and ſo write 
compl. BAD; for A*D*comp!l. AD}; for AD'Bronp!. A D'B. 8 
' But-the two {ides DBand A B. being next tothe, right angle, are 8 
not noted by their complements. And theſe parts thus noted, or ac- # 
.counted, he'calls the fiye circular Parts of. a. right. angled triangle, 
Nb B, 2 conpl. B AD, 3 compl. AD, 4 conpl. A DB, 
: Likewiſe the quadrantal triangle A D G( whoſe ſide DGisa Z 
gadrant ( hath five parts beſides the guacggeral lide. Namely, the | 
fide AG, the angleat. G, the angle G D A, the ſide AD, and the Z 
ngle D AG, which we.may call his natural patts. But three: of | 
ek part which are Turthe pr quadraital ſide, namely,; the | 
de'G A, and, the angle'G AD, andthe fide AD, we account'as | 
the complements of the ſame parts, and fo note them by their com- 
lements. As, complement G A, complement G AD, or D A B 
Tpdich is all one ) complement A D. The other two angles AD G © 
noted or. accortated, he calls þ 


| on Rfewencs, Aud theſe five partg,thus n 
_ the: ve Circular parts of a .quadran al triangle. Namely, 1 COMPples / 
MEAD, ANG D, 3 GD A, 4 complement - A D, 5 complement '# 
ar [ : ; + jex4:578 bs. 
 . Now of hk hve parts, two are alwaysgiven to find a third 4 and Þ 
of theſe three one. is in the middle, and the other: two are-extreams, 7 
either Ay to to, that middle -one, or oppolige.to-it. ; As in- ths! 
triangle AD B, ABand A Dlying next .te--the-angle:D-A. B, ani 
Gid to þe adjacent extreams to A; and for the like reaſon, the an-1 
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And the like is tobe underſtond ihe quaduanral Eci 

namel => Lewd that _— an legat D and 4 ape extr gays. 
AlBa ; A andG,10:.46;47 and 
DEG ps in like manner 4G and G are Op 
ON RG ILIOS AD, to AG ; AD. a 
AG to D. i 
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AD 74 deg. 50 '3 16 94550864... A7odes; 03 ' 03" if» 90 53290939 
AF FI 32 3 t 10.099913J, Radins | 10.0000000 
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wha decent the comnlement of AD, being ade ded to * 


tangent.of AB, 5k ſum i is ny 3299 394{0 alſo theſine of the comple». 


1 lis tg. $3299399 as the other > 
(Lrotes LI ” hatin afttes the 
thirds. Again ( Dy pDepby xiom)t of the coth- 

f of the an Rad: equal to the ſine ofthe 
Lave n2a ke angle ADY, mor co Ant HER 'of the ſide 4B, which | 
we: exprels thus : Rt been [3k 91 n thus ap, | 


k+ | 


| | _ | Theoi is 
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.. Orin ſtead of theſacond x wnoana! | 
1.s DB Rad = 5 AD- hs A fy 2fe A | Red= ſe, DB. SD 
2 ſc D -+ Red=ſe AB-j-s A And in like fort he. that- iliſk- 
3ſc&D+ Rad = ſc DB-}-ſc AB | erh,may ſet down ;the equality- of 
4/cAD + Rad=tc D +6 A | the fines 'and'!- tabgents- of -the 
5 ſc A-j- Rad =t AB-hrcAD other fides-and-- angles ;; and: ſo 
65 ADL S ONE DB therewill be 10of theſe, of every - 
| of: bad hate to, ar ny « yor ba 
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the other in-the third place of the Hoe 90 
ſuffice z/for to theſe may the ſixteen caſes. of 


=. Asadmic there Keve giren:the.hypath 
| tA. and-requ ired- the. fide; DB;.$ Ny 
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; foot of the ſine$ of AD and A,; we pt track Radzns, the remaiber 
= theſineatDB;;; 5 Ws jr : 
T -Sccondly, admit there were given. AD" and EY iy a " 
the angle at A, thea ſeeing «DB j-Ra - the: 
fore if from s DB + ie ſubſtca&t «5 AD, the ils 
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Ar Rad to the fict of the three hes 
to is the ſecond to the third: 


"Except there be the complament DET -Rhigs aſine, for then 


As that fine is to Radius : 
Jar is ws ſecond-:in theſe Tables to-the third. 


Example of right hngled Trigmgles. 


1 Caſe. 5 48; +1A =='$DB. 
Therefore, arRaite; co 1 AB; Gr N16 Dh. | 


5 Cale. Campl. Avith s Arts DB = s AD. 
Therefore, as -Ato Radius ſos DB, to s AD. 


| And the like is to be 
Whichthat may the better _ have 


ing Ein SLY 
angents of the c we | 
16 Caſes of a right angled ſpt erica iangle ( add the like might be 


_ done for gnranns 2 of all whic pony armey. caſily.be perceived). 
| | the fundamental before. going, Led the Corol- 
copoſition of che ſecond Chapter. of plain Triag 
es ; and here the ſide ſubtending the right angle, we ol te 
Cnolal, the other two containing the Tight angle, we ma ime |. 
ply the {ides 5bur for farther diſtinction, wecall one of theſe Pero | 
—Iag lides (—iT-matters-not-which-)-the-balc, and the other the per--- 
pendicular. 
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4. The angle at A: fon comp: the 0 de evi to Radius : fo ſme compl. 
— perpendic. | che angle at the baſe, to ſine the dngle at they 


lar 


The hypo-- Ar ſire the angle at the baſe, to Radius: ſais t ſmeof 
lenuſal. ) . the perpendicular, tothe ſe of the bypothenuſal. 
Tae baſe. As. Radius. totang. campl. the angle at the baſe : ſets the 
tangent of the pppendralery #0 the fine of the baſe. 


7. The baſe. As Radius to ſore compl.- the angle at the baſs : ſo is the © 

tangent of the bypotbenuſal, to the tangent of the baſe. 

8. The perpen- As Radius, to the fine of the bypothenuſal : ſo is the ſine. 
dicular. . ' _ of the angle as the baſe,to the ſie of the perpendic. 

9. The angle at As Radius, to ſine compl. the Gpothennſal: ſo tang. the 

the perpendic. . angle at the baſe; to na. _ the _- theperp. 
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thenuſal the baſe, to ſine compl. the ade 
11. The angle A; Radinsto the. ſine of the baſe ; ſo the tangent compl. 
the baſe. of the perpendicu40 tang compl. the angle: at the baſe. 


E The -per- As fone compl: the baſe, to: Redius ; ſo fort campl. the by- 


nd. 


The baſe and The h 
ven: to 
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icular. _ pothenyſal, to ſine compl. the perpendicul ular. i 
Pracren angle As Rading, to the noma, of the. baſe ſo tangent compl. 
t the baſe. the bypothenuſal, - to. ſine compl» the anigle ut the baſe. 
14. The angle LL: the ſme of the. hypothenuſal, ta Radius:: ſo *is the ſine 
at the perpend. Hlokaes bo: finer the angle at the. Rn: | 


1 The. per- "Meine the of the perpendicullr; #5 to: Radins:ſo fine 

phate  compl, rangi at the baſe,to ſine compl. x co 

| tb Radinsgto tangent compl. the.angle at the:yerpendicu- 

16. The hypo... lar; ſo tangent complement. ray: "__ baſe, te 

Ly | ſingcomplement the hypotbennfal.. Pr 
n 


The ran h 
nuſa 
ns” 


To 


ngles at .. 


. The 2 
--thebaſe & 


= {to find 


pad p WE us te 


_ 


Wer wean OE +. 2 

ac analonn df Toe. EF 

beter ner HRS 1531905 He 1-24, Eo 
FE $4. 4 . 


 Puthragms eo 9 ” 


120 bive IO the former. 
. And by the Corollary nn rs hes Propofition of the-ſame Chape 
Rochas is 4 mean Aotimany bermee the 1 Songs of an arch, 


As afieadl of hs firſt he may ſay, * 
"Arche faref the baſe, is to Radius: fo ts tht "tangent complement of rhe 
ure le at the baſe, to the raigent _—_ of the perpendicular. 
Svommpince hrveg apo baſe te Rackar ſo of the 
As fine 'com ag te atthe baſe, to Radius: 035 the tangent 
baſe, to thr vavgent of the hyporbennſel. _ 
Ar be angle anthe ns naicuar: 
tangent t angle at;the baſe, to tangent th enaicu 0 85 
Radine, tothe fine of thebuſe.— Fro 
ſe th | brats on a :fe 
ys complement the angle at to Rains * ſo tarigent complenr 
the byporbenuſal, 10 tangem pag reney no boſe. 
Or tne nint 
ts fo fine complement. the bypothenuſal, +6. \Rathns iſo tangent chuiplentine 
te age viedege, ro ranpent The angle at the perpeniyentar. : 
ahi 1 Bd ihe ng ofthe pr 
Hite ſine. of the þ 1 h0 is the' tangent 0 | 
( 6 Na nts os yy 1 
Bog _ -Forthethirtoonch, - of v2 Fain 
t rangent 7 Iopotkem » to the Langeut o the 4 bs p 2 
; rs TA TOP at 
UNTEE to by 
_ FE TEES hr in 


= r* 
y ve wah ch Hp, Arn ny 


as 
«A 
A VIE" Fs 


£* 


Fas FU "0p #7 Wot theft | af tt Waibes » 3.44 $5, lets 
be Cas: oc. BY NRC OAH $43 TL 268 5 <Mr af 


I 
F, 
AX 
6-2 
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: 
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| cles of 
—_— Ns Prapgnts ri&b 

| : wy eng; the 'meridian'of the place, os Equ ale 
j th tick;. X= he paints gf-Arics.atid Libra ; A 9 
Nocthepole, le © th ourh.vo le,A'Q theaxis of the World, or«meri-. 
dian of the "Suh atfix'a c16ck; #be Horizon, G, the Zenith, N,the 
Nadi, GN; the azimuth of Eaſt, and Weſt, or the ficſt yertical, FD 
I. INE 9 x ed, 7 opp i ADO, 

Note. All the inward arches are indeed , an arch of a-meridian-paſſi 
in op Linker rag Logs rnd the ney - + x. A ing by 
I Tale do ſuffi OT Tettmg the meridian 'of 
cent repreſen he TREE: the Sun being in theEaſt' or Weſt 
114 no 3152 4n4e [3 4 3 VI2y9 ! - aZivth. AF Othe Suns mMEtidia 
deing;atF,GDN, the- Suns azimuth. at his riſing, GCN;-the \$ods | 

azimuth at ſix of the clock, GFN, the Suns azimurh being at F. 


" Here then are ſeveral ſpherical triangles, ſome right angled, 
ſome IR and ſome oblique argled. . 


BY f « Age Path detiatidie | 


Þ 4 
the the Suns decls ts And of the like 
ecompl. of c nation. os 


| DB, the Suns azimuth from the North, 
leh , compl 
—_ =] onthe compleof the amplitude. rag Node Th 
ABD,/ ri 4 » Jv AB, vines hour from midni ge or the * Quadrantal tri- 
ny icy hee nn ence © Faſcinſion, angie, G AD, 
| the Sun a at ADB, the 6 the Suns angle of. ang ped hg 


6 b; $2 age: *% "Peſtimr unc57- bis meridian with 1 


#8» dir 


| " BR, che Suny place, or diſt anc from? | 
_the neareſt Equinotidl points. font the fo 
7'Q, his/right aſcenſion, o#3ts compl. part, a 
ghee ary) FQ, the pony 3 neagers Ny I ty eoplemens is. 
D the Echiptick an e the qua 
Cc Sun "wk J J Erle Le - "24 & + drantal Triat- 


WVthe of the Suns meridian oe, oF 
Rona pk 


\ Weſt at Ub aur Ts” 
JC VR, the Poles elevation.” "—Y 
"Gem. the wile of the Suns pen | 


The right angled 5 th WE 
To opened SE Sn eto, 


$ ; { 
(nes Ronole : 54. + the Suns height being Eſt or Rp > 
he Sun a uppoe J is, E, the Latitude.  drantal* Trian- 


made of .L we ) the ”h of the Suns poſition. 2 gle, VEA, 


nor any ben 'q 96: Angie: | | | 
pot þ if ns «4 OY $4 Loſt 
ns atF Jis wade FGA, " Pre me FN the: ch 
part oft of 
60m triangles are Es in; Rn Scheans, but, theſe { 
Co gonky ge note, to give occalign ' to, young Beginners £0 EX 
"Now we will hew the {lution of one of the right angled exiangles, | 
-namely, ADB, alſo Net the oblique angled triangle AGF, whereby 
you may 1 underſtand thelike operation in all others.  - : 
le The amplitude,or Suns azi- 
The Poles elevation and hour of 'Sun- ) muth of riſing or ſetting : 
rifing or ſerting, givca- ;ro find ». Y2« The Suns angle of poſition. 
* =. ( 3. The Sins declination. 
Let the Poles elevation be 51 deg. 32' . 
The hour from midnight 4- ho. 40' 1 2. 
Which converted into-degrees » Is 70 deg. 03”. 


EG A Gs I, is A REG a ERIE BE YA os 


Kt ot Ce EE 


"Caſe 1« For the amplitude, or azimuth of riſing and ſetting, DB. 


Say s AB +Rad=te A-|-r DB 
Here inſtead of ſubſtractings ro. A, weadd its "Wat arith. which i is 
A, and to work as'followeth:: 

P s elevation, þ AB\ Fred deg. .s AB © > AD 

hokr from midnight A, 70 bY .tA 10.4401146 

Suns azamith fr? «] | | —_— | 

fing\ and ſetting DB 6x5 o8 .iDB 10o, 3338598 

This is zz0t full 65 deg. 08"; but wants about a third part of a \minute, 
_ or 20,” 4s younay find find by. 'the Pore. Proportional, working as we'have be- 
fore feme;Chap. 2. Set: 8. 

Ad this 65 deg. 08), is the complement of the Suns amplitude from. 
the Eaſt or weſt Mortherly, or the Suns azimuth from. the North part of 
the Meridian, becaliſe the Suns declination 4s Northerly: atherwiſe it were 
bit azimuth from the South, if "the declination were Southerly*; 3 As You 


may ynderſtand by the foregoing Scheay turning it upſide down. _ 


y Cf 
| 


&-- - IN. | b ET 1 &He..- Y 
» nd: whereit 4s ſaid. Hour: from midnight 70 deg 5%, \ 5t-89 to be uns” * 
devftoody the hour converted into deg, and minewbich is done by allowing 
1:5 degrees for an baur, and one degree for four minutes" of trme,' and'1 5; 
minutes of a' degree for ove minute of time, &C, Or ſaying by the Rule 
* of Three, If one hour, or 60 minutes give I5 degrees, what gives the 
"Time propoſed ? and ſo the contrary”: if you would convert degrees into 
hours ſay, Tf. 15 degrees give one hour, or 60 minutes of time, what 
give the degrees propoſed ! ; dj 

' Note,that for your eaſcin reſolving 
queſtions, whether in plain or ſphert- 

cal Triangles it. will beexpedient to / 
mark the things given and required, as 
5n this example, where the ſide 4B, 

and the angle Abeing given, ate each 
marked with a-daſh thus _—, and the 
fide required DB, with an o, or cy- T 
pher thus, 0. _ | IM 

n Cale.2. For the Suns angle of poſition. 

 -' Say se D-+ Rad -5 A-þ 5c AB; 

"Therefore the operation is thus; Rs Sal Hes i 
Poles elevation, AB 5r deg. 32 3c- AB 9e79383 17 


Hour from midnight A' no © 03-3 940731236 
Surs angle of poſuion mn 


is the complement ofRD 35 R 47 56} g.7669553. 
W hich 35 deg. 47 1s the apgle of the Suns poſition. ol 


Caſe 3. For the Suns declination. 
| Say 5s A+ Rad -tAB+i AD. . © 
| Here inſtead of ſubſtrafting r AB, we adC'its compl.. arith, which- 
iszc AB, and the like isto be underſtood in the reſt that follow, \. © 
Hour from midmght As yodeg:03” ' 5s ' A Yy.4330090 
Poles elevation - AB _ ,-51 3.2te .,AB 9.900865 
Suns ON Put | 3,0 SY nn mem none 
the complement 0 25198. 16: 6 AD &g. | 
Which as deg. 10''is the Sts dectivaricn towards the N och yt 
{ orelevated polg)- becauſe the hour-from midnight is leſs than ſhe; 
if 1t were more than: ſix, the declination ſhould beſoutherly ; as 
_ is cyident by the Scheamn before going turned upſide down: i "0% 
| | | Apr: 


fp _ 


56: = . | o : a je Bs &:IL. 
"After the ow of ae Mos Cody If there were 'g#ven tbe 

amplitude, and angle of the Sups poſition, we mi ght find © hs Poles "ele- 

. wation, the hour of ef ng or ſettings and the Suns declination: * and 


sf you uſe the exemplary Table, you may uſe the ſecond Triangle ander the 
in: 


The amplitude, or azimuth .of S; The angle of poſition. 


the Suns riſing or ſerting,with 
the hour'giyen : to find | 9. T he Poles elevation, 
Let the azimuth of the Sunat his riſing orſetting be 65 deg. 05' 
from the North 
The hour ofSun-riſing ( from midnight 24 ho. 40' 12" hich cON- 
one into degrees, is 70 deg, 03'. 


5. T he Suns declination. 


Caſe 4. For the angle of poſition. 
Azimuth of the Sun Þ.. DB : 65 deg. OB8' cor ar. 5c, DB ©. aces 
at riſing or ſetting 
Hour of Sun-reſing I 70 O03 5s A ge5330c99 
Angle of poſtioncomple D 35 46 «:D 9-909 2347 
This 5 D,9.9092347 givesanarch or angle of 54 deg. 14' ; which 
is tine angle that the Snns meridian makes with the horizon; but 
the angle of the Suns poiniy is the complement thereof, namely, 
35 dege 46. 


Caſe 5. For the Suns declination. 


Hour _ Sans-rifing A 70 deg. 03". + C0, Ars A 0.026$164 
Azimuth of riſing —_ "is 08 *  #'DB 9.9577455 
Suns declination ce. AD 10 s AD 9.9846219 
Here (as we noted before ) th? arch anſwering = s AD 9geg9846219 
is 74 deg. 50.' but the Suns declination is the complement. there. 
of, that 1 is 15 deg. 10', and ſo of others, | 


_ Caſe 6. For the Poles elevation. 


Hour of Sun-riſmg. A 70 deg. 03' te A 95539854 
Suns atwuth of rifng DB 65: 08 t DB, © | 10.3339712 - 
© Poletclevatin * AB51 33 5 AB 5.8938566 

= | EE | Thus 


Thus DB being 65-Jeg. 08', we find ABto be 51 deg. 33' but, if 
we ſhould take DB to be but 65 deg. 07' 40” as before we fougd: 
_ -it,*then AB the poles. elevation would be but: 51 deg. 32%-as 
| before. _——CY_ IRS 1 
mM And( after the forms of theſe three examples ) sf there were given 
the Poles elevation, and the. angle of .the Suns poſition, we might find. 
be? the hour of Sun-riſing, the Suns declination, 'and the amplitude, or -azi- 
i . myth of riſing and ſetting. | : 
ih | ; " (7. The Poles elevation. 
The Suns dectination, *and the hour of')8, The amplitude, or the Suns |: 
theSuns riſing or ſerting given to find Y azmwrh, | 1 
2h: 9. The angle of poſuson, 
Ler-the Suns declination be 15 deg. 10' northerly. _ . 
The'hour of Sun-riſing 4 ho. 40” 12”, - : 
*” Which converted:into degrees, is 7o deg. 037. * ! 


Caſe 7.. For.the Poles elevation. 


Har of Sun-rifags, "A nodeg-. 0x"; 1A. 9.555090 | 
Suns declination compl. AD iy - 80, F AD 10,5669 196 | 


Poles elevation. AB 51. 32, .k AB 10.0999286 

Caſe 8. To fixd the Suns azimuth.” + EL» 
Suns declination-compl. "AD 15 deg. 10" s AD 9.9846033 
Howr of Suneriſing *\'' A 90” 3's A 9:9731236 
Suns azimuth from the north SIN 


art of the. meridian, |" DBZ 65% RY DB rad 
The complement hereof 24 deg. 52, is the amplitude of the Suns 
riſing and ſetting from the Eaſt and Welt northerly, becauſe" the 


* 1 


_  'declinationis northerly, - 
-: «77 Cale 9. to findthe angle of rhe Suns poſition: © 


Suns declination compl.. AD I5 deg; 10's AD. 994196837 
Hour of Sun-riſmg 4-70 Q3 24  - 1094401146 
The angle of poſition 'compli'® D* 35 47 tc D 98577985 


F F 
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pn i Bas 4 ” 7 CL þ Ly V C F.. ef & 
24 -ae88 ata os ho gs” 4 _ & b 
CONE Ion op YL o » 


( fier. th fat of fry PIR 
£4 x" pk were given the Suns parks 
and: the angle of the, Suns poſition at his boſmg., 
we. might find the Suns azimuth, the Poles 
elevation) and whe hour of Saw? 


plitude of Sun-riſing c or ſet- 


| The pos DET and am- = 10. The ſuns feclinigrioh. 


11. Tae bour of Sun-riſing, or ſet 
ting.” | 


Let the Poles elevation be $4 deg: 32 | 
Suns amplitude of riſing agd ſetting: 6:0 52' northerly. 


ting given: to find 


Caſe Io, To find the Suns declination. 


The amplitude is th do I ley 
anne of 5 DB 24 deg- 52 DB | 9.623774) 


Poles elevation, AB x51 32 «cAB 0.7938317 


——C_ 


Suns declination compl. AD 15 | io 5c AD ; RITINNES 


This declination 15 deg. 1's northerly, becauſe the amplitude giz. 
'venis northerly ; 4 and wheg the one. is ſoutherly, ſo. is the other. 


- Caſeri, Tofindthe hour of Su-riſing and ſetting. 


Poles elevation, | AB 51 deg. 32 bo s AB as » 8937452 
Suns amplitude compl. DB 24 52 te DB:. :9.66602187 


+ How of Surifng A179, 93. Woo A. © 12 Beg y9773g | 

Which 70 deg. 03 ' converted i into. time, Is 4 ho. 40' 42”, whichis 
the time of Sun.riſing ; but if the amplitude had been ſoutherly, 
the arch thus found had been the hour of Sun- Ces as is mia acer | 
Rd the firſt general Scheam turned uphdedon. .. 96 3D 


Wind after the form of this laſt example, we might by t he a Fas | 
gives; find the angle of the Suns poſi (107. ; 7 thing 
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Chap. 01." | 
Theelevation ' of the Pole, ar 


Py 
: , | * : 
> # | 4 


Let the elevation of the Pole be 51 deg; 32/4) {117 
Suns declination northerly: 5 deg, 10'. - 
Caſe 12, To find the Amplitude. 


The Poles elevation, AB 51 deg; 32' coar, 3c AB 0.206 1633 
Suns declingion compl. AD 15 10.” «536 ADg.4176837 


The amplitude, the com- S % —_— : 
plement of $ _ DB. 24 $256  DBg.6238520 


And this amplitude 24 deg. 2'.is norther- 
ly, becauſe the Suns declination is nor- 
therly : That is, the Sun riſeth 24 deg. 
$2/ to the northwards of the Eaſt, and 
{ets'as much tothe northwards of the 
Weſt, Whea the declination is fouthery 
ly, the amplitude thus found is fouther- 
ly, as may appear by the firſt general 
$cheam turned upſide doxn, - | 

"Of the amplitude thus found there is | | 
fren.uſe madeat Sea, for findingthe variation of the Compaſs: which 
is done after this manner, 'if you to it by the Compaſs. 
Suppoſing the circumference'ar outermoſt edge of the card or flie: 
of the Compals to be divided into 360 degrees,and the points of the 

Needles to be placed direftly under the Flower-de-lnce or North 

and South points: yon are to obſerve atSun-riſing or ſetting,how ma- - 

ny degrees the Sun'is from the Eaſt or Weſt points of the Compaſs, 
whichaumber of degrees,if they agree with the amplitude found by. 
this Propoſition, as 1$ before ſhewed, and be on. the ſame fide,: then 
harh the is no variation : but if they differ, look how many 
degrees that difference is, ſo mach is-the variation. \ 32 239% 
As for example, admit1 find the amplitude( as before)cobe 24- 
degrees, 52 minutes-northerly , —_— know that" the Sun ſhould o 


- C3 


4 


» 


6d? |  Trigmowgtry/ - Book JT | 
alwoft 25 degrees. fromthe Weſt. to the-Northwands, but obſerving 
atluu-ſeadiog with wy-compaſs; admis Ifind it to (ct but. :29 degrees 
from the Weſt-point of inn p01.g the North wards,thenhezeby 
I gather that the variation of my Compals is almoſt fix degrees, And 
thus you may find howerouch the variationof the Compal is. Now, 
To find which way the Compaſs  varitth. 5 12251 #7 {gba 
- If the degree of the Compaſs, which ſhould direQly reſpe&t. the 
Sun at his riſing or ſetting ( namely, the degree of amplitude found 
as before)be more towards the vakhaadthen the Su-riſing or ſer-. 
ting, 'the yariation is Eaſterly ;, but. if it be more towards the left 
hand, the yariation is Weſterly; becauſe,when a mans face is towards 
che North, hs Eaſt is an his right hand, and the Weſt on his left. 
© As in this Example, 1 find by the amplitude, that the Sun ſhould 
. ſeraly aft. 25 degrees from the Weſt point of my Compaſs, norther- 
Iy:; Þur ſetring the Sun, 1 ſee that the 25 degrees of my Compaſs is 
more towards the right hand, than the place of Sun-ſert ; therefore 
I coticlude, that the variation is Eafterly.' x | 
And thus is the variation of the Compaſs found to be almoſt 6 de- 
* grees Ealterly, ſothat he Np pint of the Compaſs ſhews not the 
trug North but Imolt 6 degrees to the Eaſtward of the 


ited Gadd pcm cngs 
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|  but- points'almolt 6 degrees to the | 
=D and cenſequently al other points of rhe Compaſs direct 


e towards the right hand than they ſhould do, almoſt by 6 de. 

- grees;, and the like in. all points is to be underſtogd, if the obſerya. 
- tion had been made at ceruirn 5 PR EE OT - "=o Rs 

Note. lt is fitteſt - _ theſ moi gud __ the Sun ſeems 

tobe a lictle abpye the horizan, namely, when the Iower edge of the 

Sun ſeems almoſt to-touch the horizon, or then the Sun. is in! boo 


: 


z0n.chongh by reaſon of his refraction and' parallax. he [cem to be 


Caſe 13. To find the bour of Sun-rifing and fetting. T 


Poles elevation 'AB 53 dege32" + 4B - 100999135 
| Suns declination compl, AD 15 | © 10 te- AD>+ 94330804. 


FO EIIIIY 


Honr of Surriſmg. A 70 03 wu A __ 9.33229989 


This 7 deg.03' comvert.intonime, ime, is 4 hovgo* +2; which is the 
| clave: of Sun-riſing after midnight ; but if the declination jor 
| | utherly 
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ſoutherly, this 4 ho. 40 "12%, thos ELIA time of Sun- 

rning after od 8 thayhuhens 'Sehcam turned 
cnc 

,adf there wers: Zivin the 


er the( forw W this left 
ohe Safes riſoeg or ſetting, ind the Suns declination, we 
—_— le of the Suns. meridian with the Hrines 3 wes Pele ele» 


Yo qr thefhweſthe if brondl... 
i Caſe 4. . The Declination of the San, and bis azimuth of 
riſing and fetting gives: tofind the hour. Pre 


Let the Suns declination be. 15 deg. 10'; nonterly, RS 
His azimuth ar his NES. 65 deg. 08) fromthe North. 
To 
Suns declinat. compl. AD 15, deg-10':c0. ar. s AD * oo is 3967 
Suns azimuth DB 6y. os . ah 'DB 9 9577455 


Hour of Sun iſo y- O - Lopes 
Which 70 ng. 03 it time, is S- = ths 
Sun riſing: but if the declination had Yeen , fhiis arch 
CN i fon Fl me © en ir ie, 
er t le, if there were wen As 
ew nm _ ) the we i-0-a k and Is / wrreas York 4 find "the 
angle of the Suns poſition, or t "He ny 1 
of ihe Suns meridian wth te horn wategh 
honr of ro fan 15. The anglinude. 


which 5s the atigle 


of the Suns meridian, with the horizon givenie? 16. . The * Sins de+ 
to find clination. 
Let the hour of Sun-tiſing be 4 ho. 465 12 12%, 
Which converted into degrees, is 70 "= 
The angle of the Sutis meridian Ls the pf PEG we 13'. 
Caſe tg. Tofind the Amplitade. © 


meridian and boric, D $4 deg. 13? COM 5 D 0.0908539 
Sun riſing in deg. A” m0 0z3' ww A 9-53 30060 


 implitnde compl. DB 24" 92 rDB 2.693B629 | 


I 2 


4d ton bathe So Ent A IE rnd ba ago fab? - Et ns, RO Oren ASE % Bs 
be 42 23 AG ©2974 < ? "a - z Wo 
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abgleof mid. oandferterD TE 13/76+D> --$18578031 
How of Sun-rifing 1A 67 Nm ir &. s* 995598854 


bk o ». © 8; 
» 4h wit. $34.40 "L. var its (6 


Suns declination comp. AD a 35 ©: 205” "ad- 9.4 196885 


"Which dedlination-15 deg: 10 win. isnortherly, becauſe the hour of .. 
Sun-riſing is before ſix; otherwiſe the ſaid hour "belts aſter.ſix,the 
declination ſhould be ſoutherly. | 


WW 0 loft Caſo buy * one, we may by ths he things 
winked the Poles elevation. 4 S 
And thus it 35 evigenty that of the five. circular parts of this right 

247 ſpherical triangle, namely, of the two. oblique angles, the two 
gl and the benuſal, there may be framed 30 Problems or = * 
fo of the Sp rg, and theſe 30 Problems are reduced to. 16 Caſes, 
6,16 Caſes. to that ove fundamental Axiom before ſet down 5, and 


| [xs ep under{Food in other right angled ſpherical triangles. 

| Ly Taj queſtions might alſo have been moved andreſolved in the 
guadrantal triangle AGD, and they are alſoreduced to-16 Caſes, and 
theſe 16 Caſes to_the aforeſaid fundemental Axioms Of. which things 


hae Ve ie govt Turion | light, we will leave the.  prattice thereof to 
: ; 


- find it will not be- amiſs, when there is 4 queſtion propo dan a right 
angled Jpherical triengle, to mark it with the Letters ABD ; ferting 
B at the right , and AD to the bypothenuſal ; or if bo be que 
m_ F5- DG to. the guadrantal ſide, and Aat Li there= 

0{8#Hts _ - 

' vif inthe be oh Schyan of the ors before go ag). : SEAF 
»r VF, right angled at pat for H, .. fer 

'B, _ ry D,'as in the firſt of theſe Q 7 por or 1, put for F, 
A, for ©, B, and life Tos, as in br ſecondjriangle. . 


11 this firſt triangle. In this ſecond triangle. 
A, is the Equinoitial point. of \" and =, ' which in this ſay > 
-* triangle 5s , Tn 
AB, is an arch of the EquinoGtial, which in the ſecond 5s | D B. 
DB, 5s an arch of the Suns ger which in the ſecond is AB. 
| thos, 2p 
AD, #s the Suns place or diſtance from the neareſt Equals A. 
point, which in the ſecond triaugle is alſo 3; 
AB, #s the Suns right aſcenſion from the neareſ} Equinolial kD B 
poznt, which inthe ſecond triangle is | abou 
D B, 3s the Suns declination, which in the ſecond triangle is AB». 
A, is the angle of the Echptickwith the Equineftial, which in the bp, 
ſecond trianglt is - | *4.e WES 
D, 5s the angle of the Suns Meridian with the Ecliptick;, which => A 
." the ſecond triangle is Mo 
And any two of theſe being given, we way find any third required ; 
and jo frame 30 ſeveral queſtions, every of which in one of theſe triangles 
will be cofformable to the exemplary table of right angled triangles before 


fet down.” | | | 

. . Andthe like is to be wnderftood in the other two triangles before mentie- 
nedRV C, and SE: ſo that intheſe four right angled triangles, you 
may frame 120 queſtions of the ſphere, and their reſolutions. And:the 
like you may. do in their quadrantalt; all which-1 leave to your own pra- 
tice, drſiring to uſe asmnch brevity as conveniently Lmay. . / 

And thus much touching the reſolution of ſueh. ſpherical triangles as art 
either right angled or pa, baugt : Naw we come to thoſe that are obliqu#; 
which have 12 Caſes, ten whereof do alſo depend upon the firſt general axi- 
ome afore-going, and might be thence deduced. But that all things may be 
the more eafit and per ſpicuoms, we will lay down two ConſeBaries following 
of the ſaid firſt Axiom, after we have declared in general the Caſes of 
an oblique triangle, | BS 
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Of the Caſes and Queſtions incident in every oblique ſpherical 
Triangle in general : and particularly of ho two Caſes 
wherein the things given and required are oppoſites. 

if | ure intent the application of the Doftrine of Spherical Tri= 
© angles may be the better underſtood, we will here(as we' have 
before in right angled Triangles ) give cxamples of the ſeyeral. Ca. 
ſes-of an oblique Triangle in the aCtual refotution of ſome known 
Triangle of the Sphere. And we have before noted in the general 
Scheam- of the Sphere, Chap. 3. that AGF is an oblique angled 
Triangle. Let vs ſappoſe the firſt of theſe Triangles following mark- 
. <d with ADE tobe the ſame ( where we change the Letters, not of 
any neceſlity, but ſor the better conformity of all the examples. ) So 
that A here may be inplace of A there: namely, at the Pole of the 
wartd : D here, in place of & there, namely, at the Zenith; and E 
here, -in place of F there, namely, at the Sun, Then is, 


AD, the complement of the Poles elevation, or the diſtance of the 
© Pole from the Zenith. : Tn; | 
AE the complement of the Suns declination, or the diſtance of the 
- Sunfrom the Pole. | F- | 
. ED, > 1 IE of the Suns height, or the Suns diſtance from 
- the Zenith. . af 
A, the angle of the hour from Noon,. or the angle of the meridian 
of the Sun, with the meridian of the place. 
F, the angle of the Sung poſition in reſpe&t of the Pole and Zenith, 
D,. the Suns azimuth from the North part ofthe meridian. | 


And 


" ma rked, 


And any three of theſe being given, the other three may be found. 
Sothat of theſe ſix parts conferred together there ariſe in this Tri- 
angle; and ſo in others, Sixty Queſtions or Problems of the Sphere: 
which areall reduced to 12 Caſes; the reſolution whereof we intend 
now to ſhew, and Gone in this Triaogle, and withall to point 11 
out the ſaid Sixty ons here incident, referring every of them 
to their proper Cales, | R | 

And that theſe Sixty Problems may be the. more conformable-to 
the 12 Caſes whereunto they are referredl have marked this; Trian-. 
ple ſix ſeyeral ways: that fo the things given and required in every of 
theſe Triangles be noted by the ſame Letters, as are uſed'in the Gr ; 
and Example whereunto that Problem is referred z whereunto I am 
the rather induced, by.the example of the honourable Lord Nepair 
in his 12 Caſes of an oblique Triangle, ſet forth in his Book of the 

ConſtruCtion of Logarichms, | FS NS 

- But every manis at liberty to do herein as he thinks good, for the 

Rules are general, howſoever the Tiiangles or their parts are 


And thus having ſhewed in general." what Caſes and Queſtions 5re 
incident in.an obliqueſpherical Triangle, we come now to handle 
them particularly, laying for the two firſt Caſes this ground... |, 


- *Conſetary 


Trigonometry, | | Book IT. 
Confeftary I. = 


. "I OT gan; | . 
In al phrrie Triangles : The (ines of the ſides, to the ſines 
of thetr oppoſite angles, are direttly proportional. 


% 


Thit4s, In the firſt of. the foregoing Triangles. As the fine of one 
fide ED, 5s in proportion to the ſoneof bu e angle at A: ſo is the 
ſine of Arothiy. ſide AD, to the ſine of his oppoſite angle at E, and the 
like is tobe underſtood in the ſecond Triangle, and ſo in the reſt. 
Nott.. We ſpeak bere of naturalſines, as uſually whereſoeyer we 
ſpeypauni propecties of fines and tangents, we mean of the natu- 
ral fihes and tangents 37 and\where we ſpeak of the equality of ſines 
and tangents,we mean of the artificial ſines and tangents, that is, of 
the Logarithms of the natural fines and tangents: For where there 5s 
an equality of the "artificial, there 5s a reciprocal proportionality of the 


natural, 'as 1 evident 'by the (rol. of 3 Prop. of 2 Chaps of Plain 
Triangles. i 


Conſttutt. Now tecbing his Conſeltery, let AD E be an oblique 


angled triangle ;, If then we let fall the perpendicular DB, it 55 ro 
ſolved into two right angled triangles, ADB, and EDB. ; . 


Demonſt. wherefore by the . fundamental Axiom of right angled 
triangles, if we take the perpendicular BD for the middle part, and 
AD and A for bis oppoſite extreams, in' the triangle ADB; and ED, 
and E, for his oppoſite extreams, inte triangle EDB, then 

+ 1 *Rad:\+5 DB, ts equaltos AD -\- 5 A, alſo 

| | Rad DB equal to 3 ED fs E. 

But things that are equal to one and the ſame thing, are equal one to 
another, therefore.s AD +5 A, is equalias ED sE. Therefore 
bythe Corol. of 3 Prop. 2 Chap. of Plain Triangles the propartion of 
their natural ſes isreciprocal, thus: | | 

As the ſing of ED. 3s tothe ſine of the angle A: 

| ſo is the ſine of AD, tothe fine of the angle at E. 
| -- Hind the like is to be underſtood in the ſecond triangle. Therefort in 
all [pherical triangles, &c. which was to be proved. pans. does 

And hence may two Caſes in an oblique triangle be reſolved. = 
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_ ro find the fide oppoſite '{] 

As inthe ſecond oblique Triangle, Let' there be given © 
The. Sups-axfnarh fo the Noth DAE, 107/ deg.” 3& 

whoſe compl. to 

Suns a&imiuth fre ts Su, a BAD, 7% 44 
Tat hour from noon E 3 ho. 4.5" 44 "0 6 26 
7 which Futruyeda 3180 degree 5 K 

ve Suns bes Pris cow WP 4-2 

And let there borequiredthoSuns acctioacion, which is the com- 
plement of E D. 
As the ſine of the bay 01 } Noon, s E 56d. 26', cozar. 0, 0792283 
fo the ſane 66 heSuggheight: 5s AD 57: 32 , . 9+ 9261900 
10000 A of OR elnutb, i472 24 9: 9791798 
rhe ſie ofthe complomens of be L, BD74 50 i 9845981 
Whereby the Suns declination appears to be 15 deg. To'. 

. D 
PALIN 


A $9021, þ gg 
SY" omg of this Caſe, | c X 


Let there beg red in the fifth Friangle,..:. 


The Suns pared from the North, whoſe DE A, 107 deg; $: & 


ns wy 80 ey ds. * BE-D, -:..72 24 
bour oon A. 3 4544 | | 

ON As m. 56 © 26 
Thy Su! declination he comple of AD 5 Fa 


Pa. T4 24d. wad b - >. 9; * 
< Bets — att > 4 "Y 
* # % ,. + of Fo TNT OAK $i q 
* - 19s 
, ”» 
7 - 


by. 


And let there be requ the Suns height, being the com Hp Sn 
DP LF Fn bnt ades. 24" .C0.. 4r. wnlatED. 


70 ſine complethe Suns declinat. - AD7 74+.-/.59 ** -.. * 9.98466 
fothe ſine of the ko. fron woot, "4 56" -26. 9-02077 17 
A— 


68 Woighioniniy. 


fo ſine co «the Suns height. + ED 7 SH = f 71 261 
Wherby the Suns height appears to be 32 deg. 23 min. {rs 
Note. By the imitation of either of theſe examples, rho may four 
#ther queſtions in thit T1 r1angle, und [0 of any others, berifolued. 
As 3. If a ee = there be given, 2% 
The hour of the eagle of of thesSuns poſition, and the height of 
the Pole : to find the bezp os 
$5. If there were 2 in flo Frm? Triangle, 
4 ihe day; the oy At #: 
the Sun : to find the hevghe of \ "0. 
5- Tf there were given in the third triangle, | 
The Sins azimuth, and angle of Poſition, and declination, to find the 
elevation of the Pole. 
If there were given in the ſixth triangle, 
# and angle of | Poſtign, and the "yy elevetion: to 
ſnap unites Fd OR 


Cat 2. Two fi 2c with kn anple- oppoſe 7 one +7 hed given : 
to find the angle ' oppoſite to the other. / 


be given in the ſcpnd eliqus triangl *_ 


The Chegheve the -, 32 deg. 28' 

The Suns lination norther L cowpl. C x - IO 

| The Suns azimuth "A'107 -"36 ihe... GA "92 24 
Red fr ahevebe gui the hour from Noon E.. > 


's fine comp! the Suns declinat. + ED 74 deg. 50' co. ar. 0.019396 
20- the ſine of the azimuth; #A 12; ':.-24 * 99791798 


fo fine compl. the Suns height, «AD $7 _ 32... .,7 . 949261900 
; ——— 
zo the ſine of the ho. from Noon. sE 56. ..26 ,9:9207665 


Whi , 56.deg. 26 min. gy nc of ah is 3 ho. 4544”, which 
 mnthe forenoon is 14' 16” after 80 c but in fter- 
' noon 4544" after three of the, clock cock ile F ache af T 

,” Note. 


69. 


front 9 g297G6g ws ne any 4 | 
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ets wn 
5, may do 47 we-have 


Another Example of this fecond Coſe. 


Let there be given in the fifth triangle, | 
The Suns declination northerly, complement AD" 15-.dep. 10' 
The Suns height abvoe the horizon, complement” "ED +32. 28 


The hoe from noon,3 bo, 4.5 
' And let there be requir 


l. the Suns beight, 
hour ; 


þ freer the Suns declinat. 
tothe fine of the azimuth 


" whichin deg-is A 56" 26 | 
the Suns azimuth E. | | 
Proportion. + 

SED 57 ary 39 19vcinh apBroc 

5& "6 © 2 9.92079 17 

;AD 74. i 9.984603 3 
"I + | | 997918; - 


Which. 72 deg.. 24 min. is here the Suns \-imtth + ok the South, 
Mee) povokk to180 Fo rt 8 107 deg.” 36 min. che Suns 


'K 2 9» By 


#:yxcach valh © 


| "ol k - __ Fri ea tr ow 
reg 19m neg Md I anal. vt 
4. If there were given in the t ir 
Thu: q” | Gnation, the Poles covers and the Suns angle of poſition ; 
. » 
Tywen 111 t 


7 ve the horizon, the hr elevation; ond 
ies: to find +, & oy F— _ Tagay 

Golf there were given in the faxth triangle 4 

”; es vation, the Suns declinatiey and can = to find the an« 


Th Fotbarym migh 16 hav been propoſed thus. 
7 , the \iade, with the. ſnit-of an an- 
5 equal to ©: ther. e,- with 


dro the firſt, tht is, A 


Us = to 
the ſme of the an 


sA + A isequal tos ED-+:E. 


Which i in effeQivithe ſame.with the r, and inlike ſort demon. 
ſKrated.But the former is to be pr Lired, being brief, ſpicuous, 
_ and well known co ſuch, as have. been converlant in ſpherical (ch 


" Bur in the uſepfthisC 


ME the like Yoob | 
Plain Triangles. N 6s it is on eg 


the angle neareſt to a right peg and his cD0nha*n ſides” be both of 
one = the ſame, or of divers kinds, unleſs you diſcover it by your 
work, or that it be a thing given by ſappoſition. 


| This doubt way (.for the moſt gee moyons remoye {os exact de- 
x lineation of the ſc or figure gue -where p'you® ive': whe» 


ther.aſpherical angle be acur and a HR 
than Homme But you mayb inp <aborink wy W us 
- threePropoſitions of the Baron of Marc bites which are 
purpoſe .down inthe firſt'Chapter of ſpheri riangles. 
«As in thislaſt example, fide AD 7, 
. toa quadrant than his oppdſit Eat 
deg.3z6 mip.therefore ( by wojab of thoſe t 
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. 44/173 joirent D'S GENT'DEL WE — 
f ; ay, DNO5 clint 
21 hw? CHAP YE S726 0s: LLOM3-b163 
Of eightiothes Caſes of; ah ; hh we /þ rerical 
- ar two oper ations J ApErpe; draulas ah 
ifthig wa y, He IE part _— IEMIa 989 
Ote.. refolting eight-Caſes, two operatis 
; ons { Saophatt you may more cafily reſoivethem at theee.ope- 
Tations, as is ſhewed in the ſixth: Chapter next ollowing3 : -but here:we 
ſhew their che Caſeene ES CERIens nes $110, A10w | 
[ t.Caſcsnext followingthere are.alſathree;things(in an 
elite range given _ find afourth ; Flor the finding whereof ic is 
requſite, t this _—_ p be re ucedt6 tivaright angled 
triangles,by aperpendi pit ry one of theangles to his op- 
polite ſi ſide ; which perpendicular falls ſometimes irhunzherriangle, 
ſathetimes without. VA" | 
-Ifxhe arigles at the baſe be bath df fe kinda 13;both obtuſe, 


G book cel ton ; ate 5 OT: the. k ngle, if of 


aber as be- 
&jacent, to oſite. 
ers Dy be ſeryed all the 


dixth-Caſes,”- 
| two right a an led kGangles,an8 the hypo 
nuſellh in one may rhe ſaid to be nt ta the hypothenu 
the dfher F\ and the baſe in the one, tot baſe in theother ; and fo 
the other-parts, . 
Then' in ane of theſe right angled triangles ( which for Jiſtio&ion 
ſake we-call the firſt)there is given the hypothenuſal and angle at the 
baſe; whereby may be.found the baſe, or angle at the perpendicylar 
as occaſion requires, by the ſeventh or ninth Caſes of right wr 
tiengies ; nd ehieks ans. 
—— fecond,there muſt (of ue things thus given and required ) 
me one terre tic compared to two correſpondent 
which two in each,with the perpendicn- 
in ck riangle, either adjacent (that is lying 
ar mate the 5 of which , the perpendicular is always 
one of the extrearns, and the thin 8 required, one of the other ex- 
-treams; all wwe appear in Geer of theſe fix triangles. 
'$o that by the firſt pew Axiom of right angled ſpherical trian- 
gl 
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Wherefore in each right angled trinagic-foppoing the ree parts 
- more remote from the right angle, to 'benoted;avis ga forte 
their complements 3 and uſing ( as is expreſſed in the fundamental 
Axiom ) the ſines of: the middle parts,” and the tangents'of theex- 
treams adjacent, or the ſines compl. of the oppoſite” extreams, you 

may obſerve that + 12 4 "Py #7 OP TORY m bo 
The middle part in the faſt: triangle; whh the extream 'm'the ſecond 43 
equal to the middle part in the ſecond,with the extream in the firſt." | 
EE TES nn rnd gen 
ved, which alſo by! plary of 3 Prop. Chap. 2. of Plain Triangles, 
may bepropoſed as followeth ; in which Gm we intend to uſe it." 


ConſeQary IL WOO: | --., 
As the midale part in_the frſt Triangle, is in proportion fo the 
Middle part in” the ſecond: fo is the extream in the firſt, ta + 
the extream in the ſecond, ht pats; 
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Whaefaei in any 0 
_ a5 = T are to ED, ſs 


fore, 
Il. As sc AB to Ste *: ic his ts; ©. 
And A and DB, are adjacent extreams to AB:as E and 
DB, #etq BB, therefore, T 
« AST, «EB: ſo rc tone. ; 
zin,ſceing BDA and DB, are” e oppoſiteextreains OAH BDE 
and DBare untoE, therefore,” ___ 


3. As « BDA, tos BDE: 'fo ic A,to-ic E. 

Laſtly, ſeeing AD and DB are adjacent extreams to BDA : as 
ED atid DB, are unto BDE, therefore, 

4. As «& BDA, to xc BDE : fo rc AD, to rc ED. 

And thus for the better underſtanding of this A PRET it way 
be divided into theſe four parts. 


theo As ae wy the firſt baſe, refine ae enapids ſecond: fo fine compl. 
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gh And this ſerves fgt the6 and; Tales following, 
— The words, ( f and ſecond) we here uſe, to diſtinguiſh: the two 
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The Poles + bang, AL o4u5Y et = £52 
The he. from noon, 3 reag9r 44” whicho degred O_b ” xj *26 
The Suns azimuth from the north, the optuſe angh 4, 707 36 


And let theizben the Suns height, "corn 7 
47-6 the angles" BD A, atafwee apes 
Tihe Poles oltuations, compl, . AD $1d: 42656 AD- vers 
The bour frm Geer in degr. M1136 (1266 Akon yes 
vs Jerfrigs | EY; +3 29 F335 240] B32 v3 J& 
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Th Sn ge aiv oy Fi 32 deg, 28! * 
> " act angle at ” FA "24 7 
y a4"0G wortherly IS 4. $0: 
wh there be requred the = Tei comp Ko AF. =— F- 
SAO: : + & Olly; a vPicſkt 
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e Suns azimuth, - + A” 72deg,"'24' 0 A' 9.480538 
The Sans height, complement,” AD 32 28 t. AD Beppe 


The arch firſt faund AB 2x 25 t AB. 9.576908g 


Secondly, for E B, and ſo for AE. 


As the fine of the Suns height, AD 532d. 28" c90. 4. 0.29019 
to the fine of the Suns declinar. s& ED _ SI5 10 9. po 
ſo {ine compl. the firſt arch found , 5&6 AB S $64 35 30557850 


to ſine compl. the 2darch found, 5 EB $26 'O7 2  9ye6436530 
So that the arch EB, is 63 deg- 53 min. 
The ſum or remainer of 4 B and E'B, is AE. 


But here from E B og deg. 53' 
Subſtratting A B 25 25 
The remainer is ME 38 28 the ſide required. 


2. Exampl:. _ 
Let there be given inthe ſixth triangle, 


The Poles elevation, | * complement AD 51 deg. 32 
The Suns azimuth from the meridian, the acute g TIT. 


The Suns declination Northerly, complement : ED: ; 10 
And let there be required the Suns height, compl. A E. 
M Firſt, 
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Hank 1: 


54 


gt BY 14 _ « Finſt, for the Arch AP;.. ; 45 
; Suns azimmth, . A: 92 deg.24 Av: 04305 384 
F Po s elevation:compl. : AD Fil - 33... fAD. + g.g00086g 

e. Arch firft found, AB 13 30+ FAB 9g.3806250 WM \ 
| . .£ Secondly, for E B, and ſo for A E, D-0Th 


As the ſine of the Poles elevation, 5 AD £\* 51%. 327 00. 87, ©. 1062544 
to the ſine of the Suns declination, s& ED{ Ys 15 10 9.417683 


ſo fine tn 1.SÞe ficft arch found , « AB; YL 5 76 29% A 9.98781 3 FP 


| the ſeoad arch found ,fc ER: FC «18 $73 9-511754% 
30 that the Arch / EB kqil.o2%. P 
From which ſubſtrattiig AB 13 30% 
he remainer [$” AE 7.3» 
% 4d hgſe compl.. 32d. 28' is the Sans height required. . 
Dr: | 


. 4 


pcompl. EB 18d.-y75-., 


You have comp). A E/ 32 *28. the Suns height required. 

F 4 LA digreſs Oe d/ 'if I ſhould fheww . all rſt whaates the 
queſtions falling out in this de triangle might be applied + ſome of the 
principal I thought good to poent at, that I might give. occaſion of exer- 
ciſe , eſpecrally m. rhe e tatter Caſes, being: ſomething harder than tht 


rel... 
Thus by this Prapeſition you may for one day, in any Latitude , find hon 
many degrees above the Horizon the Sun will be upon” any poine of the 
Compaſi ;, and thereby the. variation of the Compaſe. + 
As. admit being in the Latitude. of 51 deg. 32, mm. Northerly, 1 
find by the 7: s for that purpoſe. the. 2s echination Northerly , far 
ſome day, to be 15 dtg, 10 mm. .And 1 world kgow how high the Sm 
' will be that day being upon the "Eaſt -E aft point of the Compaſi, 
that s 67 deg. 30 min. fromthe Mergan. \ Here working according 
ro.the former example, 1 pnd the Suns height twhe about 25. deg.' 33. min. 
therefore, I obſerve with Staff, Quadrant , or other Inſtrument , till 
find the Sun to be35 deg. .33."mith, bigh, and then 1s the Sun Ea 
South-Eaſt. Wherefore at that inſtant ſetting the Sun with my Compaſs, 
if Ifindj to be:upon the Eaſt South-Eaft point , then hath. it 10 variation: 
if it differ, look how 'much that difference is, ſo much 'is the variatidi. 
Which whether it bg Eafterly, + Weſterly, may be known by the Rale 
fore given after the 12 Caſe of the third Chapter of Tight angled ſpherical - 
Triangles.” 1 Wd 4 ons ok $58 yon rt | -* A | ' 
| «3k x. "(YT yl nog H5IELEE 6 


| _ -: 
this tionalſs e0 ke ales «drawn on thoſe quadrants 
= os gies heSuis azimuth by His alt rude, and ſo 'ON choſe Dyals 


e:tlat 
. And after the flrmof either of theſe Examples, "thera ' may "Gp other 
hr ſtions inthe obli ne Triangle, and. {oin any other, be Taſolves-: As, 
3 If therewere given mn the firſt oblique T' te | 
The P devine: the hour from Noon, and the "Sims 5-2 : 0 find 


"the Suns deelination.. 
+ > 4 If therewere givenin the third Triangle - 

The Sun declination, the Syns Angle of poſition," and the Poles elevation : 
ro find the Suns height. 
+ $ {ifinthe fourth Tricngl there were given , 

The Suns height, the Angle of the Suns poſition , art the Pele elevation 
ro find the Suns declination. | 
' 6 If in the fifth Triangle there were given, 

The Suns declination, the boxr from Neon, and the Suns pig above the 
tone to JRL the Foles elevation. 


| Caſe $.. Two ſides, KR abele mpfien 2 - of them, jycs 
F if Bott. Lad dna : y 
rr: if Aged groi the 4 WILT 
;#0 F103 '60Fpl. Pris 32 


tak inter Ac *>1 prleGruls BG 
the ddorie gps: + 7 app. 1, Da: 3&3 bis 28 


” i $05 ad. bl f; 
od _ Met OW 30575” EL Caption SIRI, 
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And let there be eq vired. en 1 FTIR North, De 
Mie C4 Eby irſt,, for the angle. :.D Hirig ors exvian $61 
WYEEBedE, AD 51d. _ Sc AD. oOanmE 


The four from noen,; ark. 5103-6 >: A; 2:1 O41 781199 
The fiſt angle found __BDA 40 17. icBD A. 10, 07 18649 
oy « Secondly , for BD -E the proportion i IS, | 


£ ca. ar. Qr * 


:t5;r d. 32 35 066685 4 


As ta ng. of the Poles elevation, Mt AD 


to tang. .of the Suns altitude; "ED Nj Nrqg 428550 i g.$036196 
ſo fine comp.the ri ang. found, pp BDA =D £495 O48 / 96682448 
to fine comp. the ſecond, . s BDE [=] 9. -$615% 


1M yp um or remajner of the firſt and eyed ph OE ks Naa rg 
| BDA and BDE, #« the auglt Wore D. 4 
tat here t BD A 40d. 17 | 
Adding '. BD E675 © 19 | 
The ſum is gD 105" © 36 the Suns turd jul” 
hae 2: Example. 
| Lettherebe OED: in the ſixth triangle, | 
The Poles elgvation , * complement AD 514d. 3Y7 
The Sui AZ1nuth from the meridian, th gonte angle, » A 72 24 
The Swi detlination ; : .' compl” ED 15 10 
. _ .-Andicttherebe required the hour from noon, D. 
AL Firſt; for the angle B D A. | | 
The Poles elevation compl, AD Fid- 32' 5 AD 9g.8937452] 


The gyens qetmuh , s A_. 22 62A 104986472 


The Spinglo found, "BDA-_2z 03 tc BDA-1 10. .3923364 
Secondly, for BDE the proportion ow 


hd coar. Or -. 
As ng. ofth6 Poles elathtionſ..e AD - f51 digs %: AD 9.900086; 


UW 


to tang.of the Suns declination, tc -— Yt15 : : 9.43 z0804 
ſo fine com.of the ficſt apps aha z5c DA © s 7 7 9- 9 967019 
| Rn \ By J'e 


ds Xp LRORY « hh op wy DB j 1794 
Sothat + BDE. is 184; 25* Po if CANE 7 
From which take BDA =. 66, Al add co. BDE LI-31, the lad 
, The, renfaitief is Di! : $697 56 8 e6. D'$-5/4,the ho. from,s. 
© Which FEdeg: *6' coprertds into time, is 3 ho HY44"; Maes 

BM tha®ts;*+4' 16” aficr USE oſs DE 

aleerrtert ofrbWock in the alienod MERITS 


bak, 


"Go 30 44. ate Eto 


; SEE bet ne ob eos 
» wn o 


may frame a Table of the 
hour and minute of the.Suns poſition.upon every. point of the Com- 
paſs 3 whereby you ſhall manifeſtly fee the error of the commonRule, 
of bringing 32/t0 24. ® 

* By 1mitation-of either of theſe Examples, there may four other 


the Suns declination : to find the 


..- 4+ 1f inthe third triangle there were given, 
| T he. Suns declination, the angle of poſition, and the Poles elevation : to 
. find the hour. TS 
5. 1f inthe fourth triangle there were given, | | 
The Suns altitude , the angle of poſition, and the Poleselevation + to find 
the Suns azimuth. | 
"© 6, If m the fifth eriangle there be given, 
The Suns declination, the hour, and the altirnde of the Sun. above the Hori- 


zon : to find the angle of poſition. 
> 
4 
0 
2] 
F 
4 
bs 
5 
8 . Caſe 9. Two. angles, and 4 fide oppoſite to one of themgiven. :to 
face third angle. "29h | X | n | 
j . Ls | 
| Let there be given in the ſecond oblique triangle; - 
c The Suns height above the Horizon, complement , AD 32 d. 28' 
0 3 The Suns azimuth from the meridian, the acute angle A. 74 : 24 
J The hour from noon, 3 ho. 4.5'--44", which in deg. s E. 56 » 26 


| ” 
+, Andlet there berequired the angle Gf polticn, D Firſt, 


wad 
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The Suns azimuth , 


<4 og Wks. La 
hs Ber 


Firſt, tor angle BD A.” £1 

The Suns altitude compl.© AD, © 32d. 28 AD 9,7298197 
A 72 24" *"'A 104986412 

The angle firſt found, BDA. .30 35 TtcBDA 19.228460y 


Secondly, for B DE theproportion is, 


Asfine compl. the azimuth , AY peu 5174. 36' 0.4%, 04194615; i | 
to finecompl. the hour from noon, $cE{ ** \ 5933 - 34 9.742652 
ſo the ſine of the firſt angle found, s BD A E £39. 135 '> B$+$065394 
. to the line ofthe ſecond, BDEJO 01680 30. 9.96865 29 
The ſum or remainer of the firſt and ſecond angle faund BDA and 
B'DE, is theangle D required. F 


But.in this Example, from BDE 684. 39' 
x ſubſtrafting BDA 30 35 ; : 
The remainer is D 37 ' 55 the 2aghe pation rx 


After the form of this Example , there may five other fn thu 
oblique Triangle, and ſoin any other, be reſolved. © 
2 If inthe firſt thhique riangle there be given , 
The Poles elevation, the bour from. noon , and the angle of the Suns poſition: 
ro find the Suns azimuth. | 
3 If there were given in the third Triangle, Y 
The Suns declination, angle of poſition , and the Suns azimuth : to find * 
"the hour from noon, _ 
4 If there were given in the fourth Triangle, - 
The Suns altitude, the angle of poſition, and the hour from noon : to find 
the Suns azimuth. _ 


s If in the fifth Triangle there be given, = EF 
The Gs declination, the For how 1007, axd the Suns azimuth > to find 
the angle of the Suns poſition. 

1 


_ * mr henhen/rral ns of h RS 
The *Poles elevation, the Suns azs and the angh of the Syjte poſition: 
to find the hour from noon. 42% 3Y. ILY "$3 


KY 
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Caſe 10. Tn Enges and «fe f deoppoſe t0 one hs them given : . tofind 
the ſide between t 
Let there be given in the ſecond oblique Triangle , 
T he Suns height. above the horizon. complement AD, 32 deg. 28 - 
The Suns azimmth from the merid. the acute angle A, 72 24 
The ho. from noon 3 ho.4 5/-4.4”'; which in degr. is E, 56 


And let there be required the Poles elevation compl. AE. 


SACS & 

£ -— 

AN 

F B ED A E D 


- "Firſt, for the Arch AB. . 
The Sans height, complement AD 32deg. 28'?t AD 10, 1963704 


The Suns azamuth, A 72 24 5 A 9.4805385 
The arch firft pus AB 25 25%: AB 9.6769089 
£0; 8, Or 
As tang. compl. the Suns azimuthy 2c A : 19 d, 36 $a 10.4398 
to tang. .compl. the hour , .eE\GEht33 34 98218803 
| the fine of the fixſt arch found, - 's A B = I #25 25 -  9.6326596. 
tothe line of the 2d arch found, | $sEB FM i 563 99531791 | 
The fym or remainer of the firſt and ſecond arch found (A B and 


E B) isthe fide required A E. 
" But here from E B 63 deg. 53'- 
Sabſtrafting A B a5. 25. 
"The remaineris AE 28 23 
Which ithe enneplentoht of the Poles a required, 51 deg-3 x; 


Y ph £2JS a 4 2 A ” COLIN, R VRS OY TRY 
« 0 pes) 


ho _ Trigonometry. Book1F, 
| By imitation of this Example , there may other Out jonr in this. 
oblique Triangle, and ſoof other be ds” As, Qu | 


- +. -2+: 1f in the firſt oblique Triangle there were given, BY. 
The Poleselevation, the hour from ngon, and the angle of the Suns poſition t 
to find the Suns declination, - ; | | 


3: 1f inthe third Triangle there were given, : 5 
The Suns declination, the angle of poſition, and the azimuth : to find ® 
the Suns height above the horizon. + f 
4. If inthe fourth Triangle there were given, 
The Suns altitude, the angle of poſition, and the hour from noon : to find 
the Sims declination. | - | 
5. If there were given in the fifth Triangle , 
The Suns declination, the hour from noon, and. the Suns azimuth ©: to find 
the Poles elevation. | 
6. If there were given inthe ſixth Triangle , | 
The Poles elevation, the Suns atimuth , SF the angle of poſition : to 
find the Suns altitude above the Horizon, 


* 


And thus it is evident howin this oblique Triangle, and Io in any 
other, there may be framed 54 Queſtions of the Sphere; there are Ml , 
. alſo ſix more, which we ſhall touch hereafter z but theſe 54 are re- 

duced, as we have ſhewed to ten Caſes, and thoſe ten Caſes totwo Con- 
ſeQaries,which two ConſeCtariesare deduced from the firſt fundamen- 
tal Axiom ; ſothat the reſolution of all the Caſes and Queſtions hi- 
therto handled, whether inright or oblique angled ſpherical triangles, 
depend upon that one Axiom, and may be thereunto reduced. There 
- remain (as is ſaid) fix other Queſtions in this oblique triangle (and 
the like in any other) which are reduced to two Caſes, namely, when 
three ſides are given, to find an angle ; or three angles given, to find 
a ſide. And theſe alſo might well bereſolved by the grounds befort 
laid, without adding any more ; but-becauſe the ways deviſed by the 
Lord Nepair are more apt for this purpoſe, we- will make -uſe- of 
them. | | 9+ 126 
And as we have ſhewed the reſolution of the 8 Caſes laſt before 
going , by help of a perpendicular; the ſame might have been done 
_ by Sring inftead.of the perpendicular, a quadrantal fide .: ſo 16 
- ducing the triangje given to two' quadrantal-triangles. -But; this we 
' muſt now leave to yourpractice. | | wy 7 


LN S£0.5 = A.H 


The tight laſt Caſes of an oblique Triangle ,, reſalyed by 'findeng 
| He reſolution of theſe eight Caſes ; hath: uſually been at three 
; . operations, though (as we have ſhewed) they may be done at | 
= two; yetbecauſe' the way at three oyerations is more eaſily under- 
ſtood, and is more immediately performed by the —_— Axiom, 
-without reſpeCt to the ſecond Conſettary ; and becauſe in many que- 
ſtions you have occaſion to know the*quantity of the perpendicular: 
therefore we ſhall here ſhew the reſolutionof theſe eight Caſesar three 
18 operations, briefly and plainly tothe ſatisfaction Cthope YoEduch 
as cotplain of obſcurity 1 former. vert, Re 1 
. Firſt then, the oblique triangle is to. be reſolved into two right an- 
{ gled triangles by a perpandicuhr as{(before) namely, that whereas in 
every of theſe eight Caſes there 1s given an angle, and a fide adjacent ' 
tothat angle, you areto | 


1. Let fall the perpendicular from the end of that (ide given, 
oppofterathatanghe..., 0 1 A 
.And further, whenthatſufficethnot, _ | 

2: Let it fall alſo oppoſite to the angle required: (as in the 
fourth Caſe) or Ax: #0 the ſide required ( as inthe ſixth. ) 


-q1 


Accounting (as before) the ſides and angles that arenot adjacent, 

And for helping on memory, you may (as is aforeſaittinthe firſt 
Caſe of Spherical Triangles) mark the ſides or angles given with a 
CY Fi and that required with an 0, or cypher, or with three 


And here we might mark the trianglegwith the ſame letters as before, © 
namely,that whereas there is always(asI haveſaid )an angle giv and 
a ide adjacent to that angle, you may mark the faid angle given with A, 
apg.tic ear ne GR with Loren Hhonnght remaiping with E, 


crgooieb DB. _ _ no necellity tha 
aman thould hold himiclfalways to that form (as have before noted 
ve will hers. mark the Fans rngle meh other cer ac 
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with F.G H, then the; r adicalar £ ling fromG., or F, or H(as 
the Propofition in hand frall' worip \ 


bog wh phi OP = into tworight angled 
riangles, inone of which there is given, the hypothenuſal and angja 
atthe'bale, 'whetdd you maay RA OTE the perpooaar. ſecondly, 
the-baſe or angle of the perpendicular : Or you may firſt find the baſe 
or angle.at the perpendicular ; ſecondly, theperpendicular, j 


. The firſt fundamental Axiom} we will here again repeat ,, being as 
followeth :: | | 44 


Of the five circular parts in a right angled ſpherical triangle. 
Fu TOES: 2 ty 'S: 2 f.- ep WEE. EO CEL _— ITS 6; KA JIN 8-1 : 7 


-. F \ , % 
The ſine of a middle part, with Radius, ts equal tothe tangent of 
the adjacent extreams, .or to the fines Complement” of the oppo-. 
. ' "ſiteextreams, .. rl phos Fraegr bn 7 gh. ved ara | 


Hence we reſolve theſe eight Caſes in manner following. 
id aBI2 3G 310 L677 PHIRUD DIG BORN FOLDS, ZR Sl, / 
Caſe 3. Two ſides, aydthcir contained- angle being given : to 
find the third fide. | 


Dat. GH? 38d: 28'; F H744/50', H 56d: 26'; required FG. 
Here. in the firſt triangle, from G the end of the fide G:H'given be- 
ing adjacent toan angle given H;”'Llet fall the'perpendicular GB op- 

polite to that angle : andſo we have two right angled ne; (ep es | 

and GB F;.and in the firſt there's given'the hypothenuſal H G, and' BF x: 
the angle at the baſe H, by which to find the perpendicular GB, Ifay' 
by this Axiom: . CR EI EINER, HR 
5G B4RK=GHS#H; therefore from's GH « HAubſtra- 
Cting Radius; the remainer is /G BJ ort0 avoid ſibſtriction; addun/ 
tos GH 5H the complement arithmerical ,- ( which for:Radiug 
» : ; Is 


Wo 


01 


| Which 37 32'tsthe ſide required as —2=p0y 


6... hy = Yew ©. 


arviguninbry; 9; 


ae) leaving out Rad. orthe hirdſt unite in the fum;and ſothe. work i is 


as followeth: *' 
s GH 38deg. 28.  9-7938317 'Secondly, for -the-baſe a ſay 


5H 56 - 26 9-92077 17 - -5o H Rad: =rcG) t-44 4 


sGB 31 -. 13. , #9-7146034. +B, H, pngl ſothe operation ſands 
thus as beneath. 


GH 3. _ 28 '9.9900065; The. ſum. or remainer of B H 


HH 56 26 9.7426520 andFHis F B. 


tBH 23 43 "9.6427385 | But here from F H74 deg. 50 
Tubſtracting B H 23. . 43 
= "there remains FB 51 G5 
Thirdly, for the ſide required EG. » having B and F + ay FG 
— Rad. =5c G b-j-5c F B, and ſothe operation ſtands thus. 
GB 31deg.13'. CG B 99320746 
FB 51. 07; FFB 97977075 


FG 57 32 5c FG 9g.7298521 

Which $75 32, 18 the ſideF Grequired: 
And as in'this firſt Example, the perpendicular was- let fal hom thk 

angle at G, fo it m1 ighe 1 Mm this Caſe-have been let fall from the angle 

at F, asin the ſecon Triangle, and in this fecond Example. Þ. 

Dat.F H -74.d. 5o', H56d. 26', GH38 28, required F G 
Firſt, for the perpend. F B ſay, s F B-|Rad.=s F H-|-s H 
Secondly; for the baſe, B H ſay, 5c H-Rad =tc F M7 B. H, 
And.BH—GH =B G 
Thirdly, f for the fiderequired F-& fay; PF G--Rad: =cF'B ba BY. 
The Operations are as followeth.' 
I FH > gd sF Hg.9846033 II. FHn450tFH 10. 56659195 
H $56 26 & H'9. $0937 17 H $6 2650 H  9:7426520 


- 


| "xp e312 3 Bggog3750" B H6; $3*BH 10.3099516 


—G FH 38 28 
8G 25 25. 
Il. f3 53 deg. 32 «FB 9.77404 59. ; 
5 FO: \) 13626 IIIS7098. Bb 
© "B47 450 0% 32/130" 97298349 © k * Frag 


2 


94 UM. 
ys 9 67 -ra0p6 -25e "oth _ xample, IR. 29 (4 82.0 
Dat. FG 57 d: 32; GH 38d. 28'; G, or rather the acute angke 
* - BGF 724d. 24' required F H. $0; 9.3/0 Ek 
The perpendicularmmay fall fvom-F or H, but here -we let. it/fall. 
from F as in the ſecond triangle. | £ 
' Thenffor the perpendicular FB, fay,”F B-{-Rad= 53 F.G-{- G. 
Secondly, for the baſe BG, ſay, .o G+Rad=rrFG4-r BG. 


Fhirdly, for the Jide required FH, fay, zzF HJ-Rad =5cBF-+ 
«BH. pens iy | 
The Operations are as followeth. 


s5F G 9.9261g901 . tFG. $0.1903704: 56BF 9.7740459 
s G-9-9791793,.. 56, G., 9-4%05385 BH. 9.6436504. 


FB 9.9053699 © BG \y.6769089 wxFH 9.417696; 


FB 53d. 32' BG. 254.25 F H 74 degrees, 50 
| --.- GH *88 <2 min.” the fide 1v- 
BH {63 53: quired, 


Inthis, and the other Caſes following-having by the firſt Operation 
found the Perpendicular, you .may uſe. it in the ſecond Qperation a, 
ane of the two things given, which we. ſhall not need to excmplifie. . 


Caſe 4. Two fifes, and their contained avgle given : to find ou 
of the other angles... _ a O&-E md 


Dat. FG 57d. 32, GH 38 di28'; G107 d. 36';, or-G act 
72.4: 24 ud pt the angleH, RSS tan 

In this Caſe the perpendicular falls only from F ( as in theſecond 
triangle) \and ſo is oppolite to the apglegiven G.,. and tothe apglere 
quires H. Parſer athpitee *: lh 
n "__ WW) 


—— S 


> | 


rat, ai pep, FA B-4Rad=.sF 
the BG, + 5 «STR FG 970 
The 67 oaajeer of BGand'G H,is BH, 

Thirdly, for-che angle; required H,fay, BH Rad = =4 FB + 


tc ; 
And accordingly weorder the Opmapearacfollomers 
LF 57d. 12F © g,926199 WEF&.57d. 32/tF& 10.1963704- 
wet ati tec. >. 9791798 ) 1G:78 \..a6 #'E 9-480g358 
FB53 325F F B9g013699 BG 25 25tBG 96769089 
J- GHd33 23 | 
BH63 53 


HI.. FB 53 32: rcFB 9g.8686804 
BH' 63 53 - BH 9-9532278 


0 Fs R> + ic H 9.83 19983, which 6 deg.. 26 min. is 
euggler 
me Serta > a ec” of "7 
F Fling d. Fo Fo H48d. 28', H $6U.28;, Eliets! Boke in 
econd triangle as before. 
a. <4 m_ ndicular, F B. ſay, sF B--Rad =s F SH. 
baſe, BH, ſay, ««H+Rad= = reFH-eeM, 
_— SD" H=BG. 
Thirdly, for the angle required G, fay 5B GH Rad=;r F "FM 


Y-cG, 
And-accor Operations are as followeth. 
IL s F H aeIing : F H 10.566919g 
s. H 9.9207717 ie. H 9.7426525 
" 8: F B 9.90 hm | e ne : 10:30957k6 
SO is F B 53 11 43% 8 MH 63 53" V 
m—CA 3828. 1 


Il. ic F B. 9.8686804. 

5. "hes 90126576" 
9.501 2380 | 

$0. is G 724. 24', or 'Gobtuſe.107 d. 10 hegngleromiro 


Ft: ang, : 


DatH. 36.4/26/5'G 109, a: 26/GH 58 d. 28; Tequitdd ttc angle 
In this Caſe the perpendicular may fall from G or H, as herefromG, 
Firſtthen, for the perpend!'G B,' ſay sG B-{Rad= 5G H++ sH, 


Secondly; for the/ angles pee fay eG H-{Rad= tc H4-1cBGH, 4 


the perperid.” BG and BGF 
The-ſum or . remainer..of G and BG H, is BGF. | 
Thirdly, for the angle required F, fay, «Þ-Rad= 5 BGF-j-c BG. 
The eames] are as  followeth. 


<\ 
TL HERO þ pen 
I GH z8d. ptr IE:t_ Hy6d. 26' 101781197 
s H 56 26 99207717 «© GH 38 28.  9.8937452 


3GB 3! Hl 9.7146034 -  "reBGH4o 17 io. 10.07 13649 
ho E ..._. fromG, 107 6, 
leaves BGF 67 19. 
TI. por 67 i9 9.9650371 % 4 
GEES BG 31 13 99320746 


- 24-1. 37 555. 9-8971117 nErI0s.0 IA 
Which 39 d55'& theangle at F required. ceid) {cs $9 


'Caſe 6.” Two angles; and the fide betwen them; F ves : to foul one 
of the other --% 4 - w__ 


'Dat. GH 38d. 28', H56d. 26',G 107 d. 26, required F G. 

Let fall the perpendicular from G asin the firſt Triangle; for ſoit 
falls from the end of the ſide given GH, oppoſite to. its adjacent angle 
given H,; and atſo.oppoſite ty the de required FG, aSin-this Caſeit 
Qught to do. Tin , 


Gil Two as th the A bermee ike gies "Pe ud 
e 


Firſt, 


—_ EI oO ie SR ES Ie” | : REGAL tn? one el - 1 CE ingta T9 IIp 
at oh SE, LE RK ed NS . D a , $3 5 
+. rf Ba Red EE : C 
: 5 
. _ 
f x : 
. $5 + i : * & » j L] 
# % p!  N ” Fa = 7 « , 
"Y Lo E 4 134 'P, - 
. « 4 ; 2 ; 


Firſt, for the perpend. G B.ſay, 5s GB -Rad=-s W-js G H. 
. Secondly, for the Angleat the perpend. BG H,fay, 5 'G:H- Rad 
—tc H+-:cBGH;the ſum or remainer of G, and BG H'is B G F. 
Thirdly, for the ſiderequired F G, fay, s BG F+Rad==t B G-+ 


fic F.G. G : l BY Zeke q 
The Operations are as followeth. | 
I..sH | 56d. 26'  9,9209717 IL, tr H 564. 26'. 1p.1981157 
:GH 38. 28 -9.7933347 «GH38 28: 98937452 
5GB 31 13 9:7646034. *  t© BGH46 175 10.0913649 
; "*Rot'& 107 36 : « 


Ie ae | _ reſts BGF 675 19 
W..m--&6.. 31" 13 - 10.2175136 
.:/1CBGF 67. 19 9:5861795 


ticF& 57 32 9.803693 
Which 57 deg. 32', is the fide required. 


Caſe-7. Two ſides, with an Angle oppoſite toone of them jorn : 
zo find the third: ſine, LP | - 


Dat. F G57 d.32', FH74d. 5o',FGH 10749. 36', or :tscom- 
plement to 180 degrees 72 d. 24'-required G H : here letting fall 
the perpendicular from F, as intheſecond Triangle. 

Firſt, for the perpendicular F B, ſay,sF-B-|Rad=s FG-{-s F GB. 

Secondly; forthe baſe B G, ſay,-5-F.G B +Rad=7c FG ky BG. 

Thitdly, for the baſe BY, ſay, «cF H + Rad=mF BEAH. 
The ſum or remainer of B G and BHis G H , the fide required,* 

| (--\ +, The Operations are theſe. _ 
I. s FG 57d:32'! 9.9261901:- I: eFG 575d. 32 10.1963704- 
SFGB 72 24 9.9791793 50 FGB 72 24" 9g.4805385 


eW F253 32 9.9053699 | t BG. 25 25. 96769089. 
111, Co. ar. 5c F Bigg: di g2) 10.2259 541 "I | 
 '36F H74 © 50  9.4176963 


7 
2 
J 


| Second | 


*c BH 63 F3 © 96436404 -. 
RI PCut rhe | GIN 
' :tGH.38. 28, which isthe fide requited: - 


7 | Sond __—_ 
In third) triang be 


re. GH 38d. 285; F-29940. yo\ © or rather BG 92k: 
z# requiret'F' 6. 

' Frlt, for the cpaificler B H, ſay, 5 B H--Rad=s G ooh. 
3B G 

Secondly, for the baſe 3 G ſay 5c BG Hi Rad=rc G'H 'G3. 

Thirdly, for the baſe B F NY x PAcnlrs a Hike bo BF, | 

And here fromB F, ſubſtratting 3 G, there remains F'G required. 

: The @perations 

I. s G H384. 2T' 9.79338317 ll.c GH 38d. 28' g.9000g65 
5 BGHTa 24 9-9791798 56 BGH 72 24 944305385. 


s B H 36 22 9.7730215 ' | BG 13 305 9.3806250 
III. Co.ar.sc. BH 36d. 22* 0.0940753 ; 
5c FH 74 '50 94176963 


GIAN OOO 


56 BF 71 023: 9.5117716 
—Z G& 13, 30+ 
reſt FG -57 32, which is the ſidg-required. 


- 
o*® *” 


Caſe 8. Two ſides, with an angle apfects to one of them given: 1 : 
Jnarkeir contained. Angle. % 


Dat. GF 575d. 32, GR 384. 28, Hy64. 26, required. © 
Let fall the perpendicular from G, as inthe firſt triangle. 
Firſt, for the perpendicular 'G B, fay , 1G d-Rade=rG H-foH 
np he for the angle BGH, fay, 5 G HtRad= ic H+ 
icB CH. 
- Thirdly, for the angle BG F, ſay, sc BGF-Rad=:BG-þtc G#, 
.. The ſum or remainer of BH BG Fis the angle at G requires 


© I at wn 


E'+GH. 484 28' boo! IT. $7 red. i. a4 Mn 
«*H-46 269.91099% CH38 as yi8g! bop 
- #6. 2x 13 9:716603% - rBGH4o 17: 160718649 


 01II. e BG $1d. 13'; 9:7824064. 


16.GCF 57 - 33:7 - ga8036296 


«x BGF 61 19 9:5861160 6: Q- LYN 1% 
+ BGH 40 17 Cahn Leuemary 
.6 107 36, whichis the angle r pn. 
2 Example, in the third 
Dat. F H 74.d. 50, G H, 38d, 28, eoianads at G 72d. 
24', required the angle at #7, that is, FHG. 
Firſt, for theperpend. B 2, ſay, sBH-jRad=s" BG Hs GH. 
IT” Alb For the angle LE G, 'Tay » 5c G H4Rad=re B G H4- 
ic BH 
EA BHE, fay, 5 B HF-jRad=e BHcFH, 
[The Operations follow. 


hens Ne mt 24. ,9-9792998, 3 £2 ber iT: 86413, 
28 9.793383r9 5c, 937452 


s BH 36d.22 9.7730115 - ng Net ſimi 7 


VY. 


HL e - B36 & 22'» 938670947 


FH- 74 yr -:9:4330P04: | 


5c. - Hay "78. we 09174h, ; A's OY 
—BHG\ 22. '03 +” - 
reſt GHF_ 56. +26, the angle required. © 


Caſe 9. Two angles, and'« fide poſe, to one of. them given : to 
find the third exgle. TEE: to 


Dat. F674. 32, fo acute-12 bY H 56d: 26', ronulahd F. 
Let fall the perpend. from F, as in'the ſecond triangle. | 
Firſt, for the perpend. F B, ſay, F B--Rad—=5F G4 F GB. 
Secondly, for the angle BFG, ſay, :e;FGRad=rc G-|- ?cBFG. 
Thirdly, for the angleBFH, fay, js HFRad= 5c F B+s.BFH. . 
The ſum or remainer of BF G and BYE, IGF H I peguneg FIR 


"31 2The 


FF T7 T4 . 


eg Tron, | Yo ares ob goes 


'Dar.. Hy64. 26", G enteha @ 26% 5 Fe onto 


wired @ 


Fi forth per yerprecictr LN DOE OY ©. 
1 modirw. arm 'B ag==s £ T; 
ST ng ne; G Bp ries ltr = 
- e BH, fay, 5s BH Rad=tF 3B ts 
"Ehe AE Se 8X. © 
- 9.4 Fin Gpebitions::. 29ind 
E. s F& 57 di g2% 9.926190 IE :F& PIERS 165p5po 
5" G72 Ie 99791798 5” &72 "24 © .. 2:4803a55 
$6995 RG. | 11 # (a, ; 
Shen : | yk 41 as as "— 
re high. (26- X pant ? 


vr b:08 paring, RN 1 | : 3 | 
E. 38. 28, the ſide required: 


#4 


& 


© o |» on. Ip 


the Chipeer folowing, therefore we come.to Examples. 


buy . £7 <a or any: ; 
ir oey fob cireular, or Ig projection of the agg 


| ritiuns, or the Sector, &c. 


ag ew fi of &@ elligye! ries goes Re 


TheRaleang grad far the ſalution af thi 


* , The of Examlemgbeths.” 


Let there be given the latitude of the place, or Poleselevrtion 51 
d. 32 m. the Sunsaltitude 32d. 28min. the Suns vn 


15-4. 30, min: SETS. 1 azimuth, 
che Zenith, # Fthe Neyth- e Sun,«. «.- $ 
ng? ca T.. 3 
tion, Is GH38d: 28 So dmg, 

the com. of the ſuns altitnde'GF ld '32 - 
the com? ofthe ſiins deelini HF go - 
orths ſunsdiſtancefrom the North-pole. | 
is the argle- FG Hthe Suns -azi- » 3 
muth from the North, or F@ B: 
azimuth from the South, either of which is the angle required, and 
Pg genneny goo fern rg nkare = gig D B, and make 
B I equal to BE. ordering the work as followeth. 


": £'W6 Poles 


b ® 
* 


2 0 
YH 
*F 


; 4 


Paley clex TOM: Pg ae om” ; 
'37 167 74. "45 * + &\ 13 4 _ " q 

Sans altita wo 1-4 La 32.9 2 

Sunech. 25 to whole com. -B H.7% Xe | #7; ; 21 


> mite: 5 11040 192-9: 168571078 
| pets AT Weg, orien 17 a6Þ-- v9: } 4; 941322106 


MAT EY |  — 

v ;ves [thihalf'of the-alternatebaſe- h 284; ts 690 
Em whlhaake al che toe aſe 7979 19 9I94650% 
. .thete remains”- BG 35 2 | 
Thus in the right angled triangle BGF_. hav found the baſe 

BG, and the 9 prayer F G, ns. before at fir os » WE may 


an 
5c & FOUR 15 3" DIA that is, t BG 234. 25' ' $.6768666. 
ec FG 


G 57 = 2: 
xc - G&.72 
- k®:ArFthns have we found theacute angleat G, amet, BG F, tobe 
72 deg. 24 m. which is rhe Suns azinurh' Ne Son, which was 


Xequired. el 4 a, 


Ta A EF. 


| -The Seen Examples 
-be given as before, the latitude: 51 d; 32:m; nts 
.32 4. 28:m- the - Suns: detlinatiog northerly 15-d.' 19.m- 
there be requited the hour from-hoon, orangleat #.. 
| A order argon wap as: troops 
PAS '- 2 jt * , 
M4 5 Y | MATER 5 | KL. 


»* Y 


Eatitude | 


$- ». SHR _ 
% | ; 2. 4 wt MR 
* ol Ba 
. »3 
Ml +; 
X CE La bf 3% 
i 


y0> \../ oF” 


« 5 


* - $ : 

|, A . 3 _ \ Pm _—_ oy ; , 0h 

,- 0 "LIST rot y A To? ; 4 
exiduge” :com.is GH 38d, 28'; 199d. 14/rc106.4573123 


ms 
©: 
* > 


:Z : ot 


MY 8. - "a «4. FP - PS ws 
Suns altits32 2Ihoſe com. is F @ 57 -32J 2846. EEE” 
Sunsdeecl. 7 F -16whole COM: 18 F H 574 50 3725 YORUBA 


Jn i FRA. a De | - 4 , bk: " Lon? 
the ſum of half the ſides 66 11" 10.3551676 
thedifference of half the ſide "> 03 39 ** 9.1822166 


otters v6 " 4 294 WORE D "F- prtmmbenntin— rn 
{ gives the halfof the alternate baſe '5 HT" 44 29.t 9.994 6955 
" to whichadding halfthe truc baſe. 3GH "19 140 
the ſum is the baſe = S BH *4- v3 - 

.: Thus inthe right angled triangle BHAF,. having the baſe BH 63d. 
53 m. and hypothehufal # #,,being before at firſt givett 74 d. 50'm.. 
we may find the angle at- #, Tiying, EONS Mobo 
is. H-\-Rad =: Bd-jve FH;jthatis,r BH 63 53 .10.3095777 
- . te FH 74 50 _9-433080+4 


c. TH | ANEERTp5-*? 
oY oy oy Bio . © - H. $6.26... ' 97426551! 

And thus havewe found the angle of the hour frbm*noon. 7, to be 
$6d. 26 min.. which converted into time, is 3 h0...45! 44. before or 
after noon. Do agg a ont Rn Ro 5 

If like ſort you may find the hour of night. by any.known ſtar, * for 
the ſame things being given, namely, the latitude of the place, the 


altitude of the ſtar, -and its declination, you may find the angle at 7. 


as before , and'{6 thetrue hour and/minure (if it were the Sun) which" 
note. Thea from that.ſtars-right aſcenſion, ſubſtratt the Sans ri#Shr 
aſcenſion, and the retainer converted into'time; addto the hour 2nd: 


minite before noted, that total is the true hour and minute of the: 
might. - ; | 2 | 


= Butiin gathering the Sunsri at aſcenſion, you muſt: remember that” 
it differs every day about;one degree, or four minutes of time (as more 
exattly in1 Tolle appears) and ſa you nnſt alloy propottionab)y, 


for the rite that the Sunis paſt the meridian' of the place for whicir 


Four Tables were made: a8 if it be fix hours paſt it, the rightaſcen- 


ion is increaſed by abontone minute of time; ;if twelve hours, then 
> ON AER, if eighteen hours, theu'about. three. minutes of 
[ &, OE 4 = v Sy TELE) b: *L by Y > | : ' 
e HOT SKA 22 4h | | 


ee 4 


©} 


CHAP. 


in, mh 1no we 
Re” 3 QE:LP La 


As in the e 5. 


containing. ſides A*D' and 
AE 7p , be the glagny 


SK cqual to 
ea ARES 'S pays fo 


dents M. 


Therefore the arc GX, «the meaſure 
therig] waf ihe oth Gt, ther 


le 


of the 


bp - Hh 


p Foc lig, 7 obs eels ſides, 


wo Fe iohopuien en the fide A E, that 5 


A 
hereof LIMA Ss theri je If of A 


GN « equal 


and BC. 
containing ſic To ALE hd ED,and AW and BR are the ſones 
pon Temainer, end G T ehe ſane of ME abcane at D. 


JD, 80 tefeed of GN, i* dſo 


{ half the difference of the Gdes 
Fn, fide GE tne angle, 


fum and remainer noted} " 


En nit gyy mim 


Sothat BCandG O are th 


5 


po 


Lit D hethe cjntained let AB I difference of the 
D ( for DB «equal to ED) and tet 
ee to the angle af D. Then making. 
AR od od BS; and thvides 
w from the comer the line HR, 
; ol aeradd Q X jarallet to 2p ad BL and GO AH, 


GQ # theyer ed fine of the | k ADE, pe AL RCaT GX. 
of the 


Ang ecing AS # rquat to the. valet Pie AE, "= SK to A'B, 
the difference of the containin s, therefore the ' whole arch AK, #« 
equal to AE and AB; herepte the half thereof AR, # the = 
t ble of LE. and 4B, that is, of balf the oppoſite ſide, and vr 
the fine whereof uu AW. pro F- ube 
S,.# ered | 
Be fbf 
from the bet 4 {AE 4 » the remainer is B wit 1Þ 
yo Ne AL 4 


AF 25 


» 


=_ WW. EK —0 SF RG 0» *%.. » 


| Dent BD, i to 


{ 3x20 , FORE Yo v3 ſi 
GURATOMAYEIST: vw 10 


- 


lace , Ia/+5; and "FE 
theeerfet ſore her.. Which. 


L 


ſed ſent i 
x wht ak Pitiſl i Hh! » % " - 
++ Ro orbers % 
: F ws © Te £: d ? 
* £4 » £&% As = ' * , 
S * 3 © \ ”7 3 >a % Y p PLE bis > 4 
. w \ 


7 ; , 3; 9 

5 - ;* FRM 

wet # 1. Mo 
a . 4445 : gh 

, E _ 

» 
© KR 'FY ES +; 6 Wh a5 
F | 
REN . DS. : \ Bey? 3 


And droidin o}- te OS aq 
4 ro BC: SQ: ee: 
3 3 3.3 PTY Chery cel); 
Ez b: BC Grd es fre of GH. £ rw BL G0! - 
Fly 'A*K Lox: \r0"'B ; BL r0 = 
knee i SB L; equal ro" *he angle HAW:: 
right Arg, SBL dt AW , art rgudangled. » Likewiſt 
7 —rkg right:;augled 'Y GH; ardQGX\, bave. Hig 
Y GH common to themboth, t erefore they are alſo equiangle. : 

Therefore as AW © in proportion to AH Radima : ſo i BL to 
BS. Anda GY vs oe 6, omg to G H Radim: ſo s GQ 10 GY, 
Therefore the reftangle-of A W in BS, 1s equal t0that of BL in Radim, 
| Alſo the retangle Gy. in GX, is equal, fo that, TOE. in Radin, 

*h efore aa zhe rettangle of AW. in\BS, jr to angle of GY 
EL mGX,  ſots the rettangle of BY in Radu tothe ren of GQ 
; in Rading. 
And dividing the two laſt recengles by Radia, then a4 aw i” B'S, 
wro GY nGX: ſou BL to GR: þ.(ob q 
But as BL us 1n proportion t0 GQ : fo ( a3 before us proved ) u 
4 6 in G O, to he fpoore & H.z 5 "tþet i is, to defrag 
refore, % 

Ar BC NoD, is to the ſquare of Regis : ; 

ſo #5 AW in BS, ro GY in GX. - 
Bir as AW inBS 5s to GYin GNX- fois A Weinthchalf of BS (tha 
{5s BR). roG Y inthe halfof GX (that 3tG Y) therefore as the rectangle 
of B C'in-G O, #5 ro/the ſquare of GH : f Jojtr WO La: of "AW in 
BR, 10 the ſquare of G Y. 
Which warto be proved, 
Now to apply this Propoſition toartific ul Lines, 

Seeing ( by.the.ninth Prop. FD 2..0f. Plain” Triangles ) the | 
Logarithm of. a reQtangle is equal to the Logatietins of the ſides 
thereof : and. (by th®Egrollary of the ſame) the&vbgarithm of a ſquare 
is equal to theLogarith of. his fide doubled : therefore = 


bra /er Yon, i 


\% gh: wOoY 0eY 264.7 ty *%; 


if dvecarained angle r 
that: C| 7) ned ot hel 


7 . 8 a ox a EN 
: obs i" _ rt ha d RT I». Iv 
£ © Ja 2 t -. bo a4 KA on LG EI hr Se 
TT TDI AE IO! | Sn YL et : : 4 
5 (+ $in Me: SOS PY - is 
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| we bit woe 
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'F k oy 7 & , #424 : \ 464 ets #/44Y..05 s = 
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ah” l;he ba # the artificia ; Dis: 
wire ;- « 211 
fs rh eagient your ? we phe wo Eprgs © 
Let there be given the 3 2 
three ſides of the ig D 95h 09 whoop ninety required 
angle ADE, namely, AE 76 003... 
Differ- of ADandE Þ, 560. 32, AD d 58-28) 3-0. ar. 0.206168; 
\ E D 95-00; FO-a75 {c.0016558 


Half Sree -\,28 16 om | 
of 605244 
TL PAEW FASL 
the frm i | &6 rol 2 
the remaiyer, = X "al 19+ Ncagd 
”" D 29-59,5 - 9-69874%3 


hich dbubled 1 Is, 59 F5 $8", the 4 at 'D required. 


| - we kave formelly noted 
the. ſine} of an arch yn te L 
deg. is the ſame with [the\ ſine/of an 
arch |as much beneath go deg. as in . 
. —R> - this Example, the ſine of 95 deg, is the 
E Kat p fame pe a fine of 5 fps P58”, 
FN. 

/ 
1 Example i in  Apſearts, - * 5 
"Rl F ; % \t 

there be given in this Triefigle, 

The Poles EM compt:;>A.D, $1/d.- 32 x6z D, 38 d. 28 
” 


F 


Ihe Suns declination, compe. # D, i5 #D-74 4 4: 
uns height , compl FE, $7: - 
And &t there | adn bs = From ROON 'D. 


__ 


The 


$8. &; 


The wat of hn files 4 Dua ED emi | 
4a idod the ge! equinca, "poder wY Wn ons 
; ba Ede pc 
The be fof that Ares. oo TEE WO > FAIRIES I 
* The half of the oppoſe ſide AE, @ = — ea 46 


The ſun of the half difference, -and of the half ſide, is 46 . 57 
| ET. of the- half diff. pn from the balf ſide, is 10 [Is 
_--- Which thus.ordeted, wee ſlarohgProblem thus,. #2 
The Poles elevation-compl, AD 3D Yes. a3: 8 10055 a7; 012061683 


— Wo WT 
. d _ _ — ES 
: © SAT" wh 
« "va 


as th ow i= 


. - "The Suns declinat, compl. E D .94'. "FO '5 C0: apr - 0:01 $3967. 


' The aforeſaid ſum, 146 i579 8: 0001-1.9.8639937 
Tie AVC Terr $. . 10001 \05J Fe 2b '2 .5/9.26403% 
FR 85 23.51 Et, EG 9 « JI 5£ = C ET WEL TTT" FOES 
6 Es Shim 19-3493661 
n 1A 28 degarigypithd half } vhs 96746830 
; arch anſwering ta this ſine 9.6746830, Is 2 deg. 13', which 
: ht is 56 deg. 26', the angle at D required. 

, Which converted into time, is 3 ho. 45' 44", the hour from noon, 
nam I4' 16%@ftexeight of the clock in the morning, or 45' 44”, 
'ifter three of the Clodk;inthi;afftrdoanict3n lixefort, may the hour 
ofthe night be-found by ſome khajen ſtats ms we have before touched 
at Seal the laſt Chapger: *R CY.Y 


A 
SP 


«1 wr wo mee 


\C . 
Da. T2 '2- Example. 


d* -ber the here be given , 


- 


EY 


4 


\Th# Poles elevation, compl. © *.A D Fid. 32'/ 32 AD, 33 d. 28 
The Sunsdelination, tompl: © *E D\ rs, © 1h #CED "4 $9 
The "Suns! height, compl., AE 32 285 dAE 57 32 
Andlet there-be ired the'9n 1zimuth h fi ror heNorth Az... 
The Miffereabe of We {les arp kr {4 Ks 
/'quiredy, namdly the difference of 4Ed is 3g Ar. 87 
of oh difference, IF \vq SIE $6 Sx ty da 1:56 n_ 
Hp CNN 7 E.: A i 37 |. 24 
"Sumef'the hal If differe ofthe half fide; is 46 Wake HET 
Fnmgon of the half a; er, ant ht frde, t5 27 ovate, þ 


Sonnbey prope AD ry" re 28's 
ME” | 38 4/7 
"oy 
4 


vo; wt bido61684- 
C0. ay 


?  6.0738100 


ESE 46. pf | 9.36 377537 
Fen; remainer, a ..-- 3: 9; 6596420 
? ; e075 n | SAY "Hs | | 9. 8136940 
| 1:43 abit -axdis the half ' ' 9,9088470 

_ The.ardch avfveringtothis fine 9. 9068470,15 $3. 487 min. Which 
—— is 107 deg-36 nv. the angleat A," which isthe Suns azimuth 
from the Northpart ofthe Meridian. ' 


; Otherwiſe the Operations in this Problem may be thus ordered. 
Poles elev..No. g1 d. 32' Co. of the Poles elev. AD 384. 28 794d. 14' 
Saus-altit- 32 28 Co.of rhe Suns altit. AE 57. $28 28 46 


"Sas wheed, 2X. Is 30 Compl.cheoof ED 14. wo jou 25 


4 
—_—_———o—nnt——_ 

oils her?) 1150 þ #4 | 46 57. 
PN 1 112 10 7 ho ramaimer 1 87 53 
ft <1 | Pence me nfl the Pod asbefore.' © 6 

4D wrong 5.06; a; 6.466169; 

AE_ $7 32 | 8-60, #r, 0:0738099- 

ſum 46 yJ7 5 9.8637737 

Xragner 27 $3 5 9-6699420 

; ' x9-3196939 

"Ts $3 48s 9+9063469 

Which 4 34g Is 107 36, the Suns azimuth from 

| (the North. | 


Poles elev.No. 514. 32 Ee penn mM D wks irq? 
, Sans altih, o5 1 Co, of the &xts alxiz. AE Bh $0.8 42 25 


Swns dech. So. 15 To Sun, from m_ ED che IN 


meta —_ ay - NY. | : : - 78; _; 
ot remainer . 29: 24+ i 
f ? | os Hence: 


* Ho, x oy 5 


Yo WWW 1 W_NNy Bu Oe on” RS 
y b Rs "v9 
G4 «7-1 EE 


| height ,above the Horizon, where- 


'- *Hence werefolve the Queſtion thus. 7 - 
. .* "#'D 38 deg. 28 m.'s 76. a7, ©:2661683 


INIT? Us : AE 34 F5 s C0; ay. \* 0.901682 
20Þ 2 Jp 2" pY 96 £  9:9864593 
£88. - Yemnmer 29 © 24 s 9.6929964 

| | i9.3853022 * 
wy bag? G1 bt; 5.8 9.942651! 
Which doubled, is 122 © 25 4. the Suns azimuth. from 


F< is (the North. 
Note; - And after the form of either of theſe Examples, we may by the 

fame things given, find the angle of the "cog poſition. pies a + 
3. As 5f there wore given the Poles elevation, the Suns declination, and 


the Suns height : to find the angle of the Suns poſition. 


Thiseleventh Propoſition is often uſed by: Sea-men, eſpecially the- 
ſecond Example, for finding the azimuth, whereby the variation of * 
the Compaſs may be known at Sea, after this manner. 

About the middleof the forenoon, or afternoon, the height of the 
Sun above the Horizon is to be taken by ſome Inſtrument for that pur- 
poſe, which being noted down, youare at the fame inſtant (fo near as. 
may be }- toſet the Sun wich youu Compaſs ( fitted for that purpoſe,. 
vhe outward circumference of the Fly or Card divided into degpock, 
and the Needle placed under the North and South points of the Card) 
and note: down likewiſe upon what degree of the Compaſs ( reck- 
ning from the North) you found:the Sun. ' Fhen knowing by/your 


former obſervations and reckoning, your Latitude,and by your Tables. 


; for that purpoſe, the Suns declination; there is given che Poles elevati-- 


-on, the Suns declination, and the Suns. 


by, according t& the ſecond Example- 
Hiſt before going, you may find the | 

Suns . true azimuth' in degrees. and _ 
minutes from the North ; which 
compared. with the degrees before we be 

found by the Compaſs, if bothagree, © = | D 
#be Compaſs hathno variation ; if there be any difference, that dif- 


\ terenec isthe variation.: Which yariation, whether it be Eaſterly-or- 


Weſterly: 


$6, DOR ett x PO ST PE SN Wren nr ne EET EE EIPEMAES NES Los c Ow) o__—_ 
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wr navy eheRule before ine upon the rmelfkh | 


- AS] che ſecond Example before,going.. Ne that at the Fame 
nant, when [I proc thekeichts the Sun COROOEDY be 
324,28 min.l ſer the Sunby my Compaſs,-and found it to be 
Eaſt point towards the South 12 deg. that is, from the North 102 d. | 
But the Suns true azimuth from the North found by calculation , is 
107 deg. 26 min, the difference between theſe” two is 5 deg. 36. m. 
which the variation of the-Compaſs; ' | 

Batthknow whether this variation be Eaſterly or Weſterly, conſi- 
der that by the:Sunsrrueazimuth found by calculation , the Sun ſhould 
. have been from the North 107 deg; 36 mi. that is, from the Eaſt point 
of the Compalſgto the Southwards' 17 deg. 36 ns Whereas ſettin : 
with my Compal, it was from the Eaſt ro rhe Southwards bot 12 5; 
So that the degree whereon the Sun ſhould have been, was- more to- 
ward the Tight hand, than the degr. whereon it was: therefore Faffirm 
thevariation to be Eaſterly 5 deg.. 36 min: By the ſame Problem, may. 
theyariation of 2 Needle be found on the land: 


Caſe tz. 1 three angles off 6 Lnitor) Rho if gives : tg 
find. 6ſt "iy: ; 
This is ;performedby the laſt Axidan, "the tnglen being Se oe, 

into ſides, and the ſides into angles $ as we. have ſhewed: (Chap; 1 Of - 

Spherical Triangles) takingipſicad of the grack angle; his qniples 

CE Ein '& taken infieat.of th ſt le his e- 
Wherefore: hav taken infte egreate angle comple- 

ment't04 Bodeg; anal things elſe remaining as before- . Ki. ,0K047; 
Me half the difference of the- angles: that are adjac tothe ſide; 
vired, and add it to half the angle oppolite to thar fide 5 and likes: / 
iſe ſub@racQr from the ſame, noting the ſum and parades ig | 
"The t lements arithmetical of the arificial yes: ;of. the adjacent | 

angles aan the OMe þ ſmes0 WT ve rimanarty? ave. 
of that total is the artificial ſneof _ e ſidetrequired. 
e xealon feryes for this,-as: for the laſt Cate beſors, going 


-Let there be riven w-D 36, thatis-72.d. 24 And Tet. there. 


| AWecome thereforeto Examples. 


threeang!les oi chejeri- $ : 2:6>be'requir'd ah 


_ WOE, namely;GE AIG) ILY 1 ; p ('1F$; Dor 
Dj Fr. | 


' Difer- of Fad, #13d; 31” |" D 56-26" Feb: ar; 0.0791 385 
The þ f difference, oo 1505375, 5 60. ar. | 'O: 223 14697! 


pa ſun 45-277 "$ 9.85293 
7 of A x2 7. .26-$6s 5 9. 636796 
Sinn, * : 45 255 -q — | 
The remeiner, 26 56: ſum 19. 7<g8054 


52-35 half 9g.859gc2 7 
"Which doubled, is 105 deg. 10 min. the complement whereof to 

180degs18 74 deg. 59min. which is the ſide required. E D. | 
45 1, Example in Application.” Let there be given, 

The Suns ukiniuth, A 107 deg. 36 m.or. 72 deg. 24 m. A. 

The: haut: from noon, D in ons - 26 'D.' 

The Ang] f potion, K:-.. e857 E:+ 

| ST TREFe 28 Tequited T the Sans height, boron rhe contplenent 

of: _ Er? | 


W - The difference of the adjacent angles A.and E, ts | 34 d. 29 
The balfof that difference us , 19 343 - 
 Thebalf of t the angle D, oppoſh fre to the ſide required, is 23 13 
The. ſum of the half difference and half angle, is 45 25s 


7 
The remainer of the half differ. taken from rs: half angle,s no 53% 
Then _ the reſolution of this Problem. 


The 'Suns. azimitth A '72 deg. 24" © if Compl, ar.” 0.0208 202 
The angle of poſition E4 fo +0 s:Compl. ar. 0.* 114677 
The foreſaid ſum”... a5 Br: 5 O10 N11 862034 be 
lane ag | FD#:; 8% 's 942706227 
6 619%: | ; ſum 19.354 $420 
28 46 half  <.682. 240 


"Which doubled ».1s 57 deg. 32 m--the fide A E,. the coinplement 
whereof 32 deg. 28 min. is the height of the Sun required. 
o&ndafterthe form of this Example; the ſame things being given : 
OR Bins azimuth, the hour frqm Noon, and the angle ofthe 
being given : we may find 2 The Sunsdeclination (as in 
drones ) 3 Or the Poles elevation. _ 
"<Nate; Although in the conver (con of x” into ſides, you may alwayes 


| (441 \uforeſaitl)). Gabe vfeait of the ovtateſt angle, his complemtrt fo 189 


« Jet you are not ſo to do of neceſſity, for you may takg the complement of 


one Fi the leſſer angles, to 130 os As © . [Ten 


wvecangh SO wda0or 12 I requn £ s belors- | 
i ADE, namely, | 037. ET AS: 
; of EandDjo 8g. Ke D 56-26. 3 00, ar. NE ak 


K.. aro E 37- \'5c0,: ar, O-211 
The” half difference 42 49: ſum Rag SEES datnT 


The half of As 53. 4 (remno-g8% s _ 92796227 

The Sam, " 96 5 56 ; | 

The remaintr, 10.375 19-5674749 
37-25 9:7837374 


», Which doubled, # wir PR fide E D required. E 

He hath another way very little inferiour_ tothe former, for the 

. folution of the two laſt Caſes, which Mr. Gwner makes uſe 'of, Asif 
TURE given to find an angle. 

Add the three ſides together, noting half that ſum, m_ from that 
half, ſubſtraft the ſide oppoſite to the angle required , and note- the 
remainer. Then | 

As the reftangle of the ſin rnes of the containing files, | 

# tothe ſquare of Radin | 

ſais the reangle of —ax y: nes of the foreſaid ſum and remainer, 

tothe ſquare of s a fine, whoſe arches compl. doubled is the angle fought. 

By olitpming ſides, we mean the ſides containing the angle required, | 
Therefore working by artificial ines, 

Add to the complements arithmetical of the ſines of the  contain- 

ing ſides, the ſines of the foxeſaid ſum andr -half that total is\ | 


the fine ofanarch, whoſe nt doubled,” 1s the angle ſought. 

b. Let the Example be here as before, namely, (atD. 
ANGIE : AE 7249.32' , and let there be required thean F 
'-* "256g: Let there be given 94D 38 28 5 Compl.arith. * 0.206163 1. 
E 7 'ED 74 $0 5 Compl.arith. .. 0.0153967- 
The balf ſum 85 255 99886090 

The TENUNICY 72..53 5 9.4 < 
| I 

" 19: 390: 160. 

Theo ſ vr, #25-Uys 13 1. 9.9450380 

Which donbled, ts $6 26 te ior D rod, 


e ARbOB m_ robes = al oxi » 

cal ther 0 them can aptly | . 
n= here ſer downthe third Fe on, which þ heb hath to 
the | . 


Jo! 251205 [71.91 201; ; 
Le 


Sfgd 2 5V1 36S 


by 2! Ot A HY _— 
"The thre ' ſides of triangle hs ven val is angle "4 Ne 

fall aperpena cular oppoſite ax a e, the ſide wherevn mw ar perpndi 

cular falls, 'weeal, for ere ke, the baſe, and bt ofber 

fides ; thus in every of the ſe triangles A E 1s the h AD-adED 


the ſides -.D B the perpengiculay, B being N_ at t STS 
E 


Bl alwayes made equal to BE. - f Thugs of them A 
erue baſe, AI_A the alternate "baſe, whoſe: end 1 I: {4 a f+ 
pendicular B rw as the end of the truc 'baſe>E, us Graph perpouitlt 


the other way. Which things thus coneridhd, I 7 ſay, 
 Asthet ent of the true ſeminal aſe giuey "2 
L.; # torhetang girl fm of of the fore 
' W -+.S9 the tangent of half rhe he Lrn t Py, 4 9'7 
' to the Hagen of 55 wt £2 


| Ar tbeyo r of the balf of AE, oo tt 
ky ate rr of AD dE D- "42k 
wo tangent of: half the' difference of AD and\ED;; 097 7-9 
x PE Cut ae Jr 49710: "ol nod 2004 
a Ia T9? #tiop whereof ,. you. muy Jo okit "end Bak of 


- 


| >" he, half fer boſe AE, 0 ro-ohe half of the alter- 
uatebaſe Al; oy ay A B, chebafe of the'rig. et 
alſo the. Ference.of the halves of | AE and. & 5) 


Tight was triangle E BD. HSA be 7 149: rot 
: Q "Þ LY 


I ceptanes i 
> py py a3 


 & C 
: þ * F- VO» <4 2X Got WE x WP 
# a _ FT , ' k BE : F 8 W-. *% ':3 - 
4 ; ons f ps a, 7 4g a we _- b ” 


ee nb | 


"iſs for | CESE in ue firſt off cheſs eclangſes, let thereds rot 
theangle at * .the rebree dies being given, namely, .. 


AE. £10 5 the balf of: AE 37d. __ Co. ar.. 
tc. 
32> oy balf-of AD : 28 © 


»D-- ——hc hatf of ED 19: | 
x ſum of half the ſides 48 -__ f. 10.0455626 


20.116327 


: To of fnlf the hl | $ oy. bu - *; g42254560 


For Sor ” of AB. 2 37 | + AT FM 
TD edt, he 


45 wt cans the EW, p7-08 ro. PTY" F8 


32. ue. copy, of: AD- 9:3036296- 


EO id 


A. 37+ F5 make fine compt. AY \ 98979693... 


And thus ve have found the angle t Ato be 37 deg. chi and 
in like manner'wem ok have found any ofthe other TH 
'Nore.. For: the relelution: of queſtions of this nature wen key) ; 
rally, Mr. Gunter (an ious. man-in contriving CEE ths 
Inſtruments) makes uſe-oftherightand verſed fines; and* fo; reſolyes.. 
thera at two operations, 'and ſometimes: he uſeththeright fines only,. 


but. then he.hath three operations.. Notwithitanding they may alſa be : 


performedavtuaoperations without verſed Knes, uſing oulythe tan | 
as we have here ſhewed. | 


Now, aswechgve.before for rightrangledtrrangles; fo we-will here | 
for EEIDES :Eable the operations ufed-in | 


PE ng. . en ag may. bedurected'tn T The rfonen of ni 


Two lide -with an angle oppe JAD3 O77 x, ee S40 
it.20 one. of ther givertto |: J 4 >E. 1. s A, ? AD, SE 

the: lc oppobreta the ather}ED | ha” 

| WER "Fair th AD, r AB. 

To ſides with ) The 34 fidd ADS] ſumorrem.of db dEIvES 

rcontained(_ <0 /5c AB,CEB,*6 AD, EL 

\Ra. ic Ayr ADt AB, - 

E > ſumorrem. APand AE is E + 
EF EB, 5 S AB, HOY 


= — "Els Ys T 
[42 'E<fumorre.8 L& Dis.BD fl 5 
; [. + C38D AB DE, CE 


4005 4h £74 5c DAR GE 
Wa ſumordiſfer. 4B and E1 Fis 4 


B,s 
AB & EB 


to> a ſide, p + A—Z diff. EC Sum's F 
= j (& Dis rem. Cc Kem.s 


Q 2 


Mt Irie we 0d 
cr RFC a 
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£5 IN CS; as. x "RR 


WAATHS CEA rea Be Er ME bet DOCS © HATS 1» 


infilt | » - : yp. 

TE roar toad but bovanfe the HOInET; 

OY J4Hangles > as-it 38 

is very ry brief, and:by, him * 
that: itvitiay em's! 

ing out of placeto/ Noſtrate 


is good | here ( though "” 

ng 0 certain Jam: 1 RES thatpurpoſe. 

= A , 9 & : J 

= ech Put of the baſe, proportiew 6 Rilbe'þ 6 

| E | of He yerpendiculer, EA tqngent of the angle 
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Tf frue circles of the. ; þ 


the third, Fr Ge 


fn 
—_— aa: fo that the ſide 18 
up ein com: _— er; and the ſide BD in the 
ne, equal. to AGD.in the other, and compl. BD Ain the one 


"200 CITEd in the other atid compl. AD in the one is the. ſame with compl, 


ADia the other ; and laſtly, that compl,\ Ainthe ons, is the fame with 
compl. An the other; for the complement: of the acute. angle DAB 
untoa quadrant, I 1s alſo oe .of | Þ i ara 


re be ſo ordered, SE the firſt inter 
Fecomt the third, the chird the forth, M 
fourth the fifth, awd tt Im at" ight angles : the 
right angled triangles by their an ; by af __ 
ofthe ſos _——— - 


the ſecond , 


”) 


et. 6 repreſent the! Ze 
AtheNorth Pole,and 
'D the Sun being in the Ho- 
rizon. So that 1G Bisan 
Ps of the rene the 


Ley F ah arch of the 
Rs 4 


FEC,an arch of the cxcle 
Or about the Syn... 

Wn an arch oy 

indQal..” 


- Thea do theſe five arches” 
Ee | » OG re-. 


The firſt interſiti 


i os ta, 


121 

a — are at right an- 
Qre 7 re Rn triangles Arr rg 
Fora of theſecircles;namely, ABD, DHL, LFE;'E GI, andG'C A, 
do all | conſiſt of the ſamecircular parts,f for the circylar Parts In ever y 
@5 here appeareth. 


The fre: ZABD/ate AB; BD tom BD'a.oom; AD,cot.DAB 

craulgg. . \ DHL, arecom. H L D-com, L D, com. LDH, - .DH;41 Hh. 
E1@! me Are COM. ELF, br _._ FE.. com. FEL, com, EL 

Leh 1G, com Db, a OW com,/GEl, / LY 


are com. GA. conic AGC; CA, comiC & G 


het '0u may obſerve, that to the ſide A ÞB ies firſterianghe, is 
equal «  HLD in the ſecond, or.comp!. ELF inthethird, or 1 G. 
inthe ſpurch, or compl. A G in-the fiſch, Jolike forts ta the ſide DB ins 
the firff triang is equaltompl.L Din the ſecond; Gy FOR F inthe - 
third, c6-pl. 16G Einthe fourth, qrconp!. A 5 E inthe fifch :and the - 
like | is tobe ſeen inthereſt; taken'in ſuch otder as they are placed. . 

"Toexprefs this more plainky AB, the Poleselevation inthelt 
riangl, isthe complement of theangle H-L D*.inthe ſecond, orthe. 
comp rof! theanglte E1}F in the third:,-or, the ſide 1G inthe: 
fourth, or the $orw'' > ne of the hypothenaſal GA 1n the fifth 3 and 
| thelike ts ts be ſtood of the reſt + - / 
The fame uriformity of rhe cirtular parts is ſo. apparent ii quads antal : 
- " (triangles. 

As inthe ſame Scheme from D, D from/E, E from, A from BY 
and L-fromG; are diſtantby arches-cach equal toa quadranes but the - 
arches GA, A D;- DL, EE, and EG;are not.quadrapts:”. Hereare 
therefore five quadrantal triangles GAD; ADL;”"DLE, LEG, and . 
EGA : whoſe circularparts are, as here appearth,.. 

- The five, } GAD, arecom..AG, - ; AGD,... - GDA, convAD, com; DA%G+ 
circular ADL, are ALD, com. L D, com. A D L, com. AD DAL 
parrs-1n. En RED com:-L D, E.D'L, DE L,com.”LE - 

the Tri- / LE G, are GLE, LGE com. E G, com..L.E G, coi. L E” 
ths .SEG A,arceom.. A G,com. EGA,com.E G.; GEA,., GAE.- 

- Where younay. obſerve;that thecircutar parts inevery efthem re>- 

main the ſame uachangeable.z, and not only-in theſeten triafigles, . but. 
in in all hers which.do ariſe ef the other interſeCtions-of theſe tenar- - 
- chesdrawn forth to whale eircles.-: which becauſorhe aremany and | 
cqufuſed, y we rh kt:them paſs,. this beingdufficiext for ow purpoſe: . 
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compl. A.the extreams ad- 
; gar then by jay, that the 
Tige Ak AIR RICM hr 
_ equal to the tangent, of DB, 
9 EK: hb ab AL ohe 
ny Oy ..--- complement, of Þ,A B. >: 
For ( by thefirſt Zemma) as the ſine of AB, 1s in,proportipn to 
Radius : ſois the tangent of D B, to. the. tangent. of the angle at-Az 
therefore alſoalternately, as ſine 4, to: cangent;D 8: 0+ Radins 
to tangent ;;  , - "ap - Abe MTS 3 OTTER 
But ( by the Corollary of the firſt Theorem of the fourth Chapter of 
Plain Tringles)Radius is a mean proportinnat betweet!the'tahpent of. 
atarch, andthe tangent ofthe comptement of theſame arch ; ſo that _. 
as Radius, is to.tangent 4, ſo -igtumg} compl: 4, 'to Radius : there- 
foreas 5 .4:B;/ t9:t D B< ſo ite Arto'Rattins : therefore” ( by the 


ollary of. GANG, Chap. 2+0f law Trgangles)# A B-jRaditis, is equal 
3-TtIC A, f 
| Caſe 2. 


| luv. -  -Trigonometry: ng 


"Caſt 2. Let the middle partbe an angle, as in; the triangle DHL 3 
compl- #L D bethe middle part, and #L and compl:* 'Z D the 
is zamgadjacent, then T ſay, that the ſine complement of HLD, 
with Radius, is equal to the tangent of Z LZ, with the tangent of the 

complement of LD. 

For (by-Lemma 4.) compl. X L Dis equal to AB, and compl. 
LD to DB, and HL to.compl. DAB, and here before we have 
proved, that « 4 B-|-Radius,-is equal to t 'D B+ tc A, rherctore alſo 
5c H L D-l-Radivs, is equal to'tc LD-]-r H L, 

Caſe 3. Let the middle part be the Hypothenuſal ; as in the tri- 
angle G C A,let complement A& be the middlepart,and complement 
AGC, and complement CAG, theextreams adjacent; Then alſo I 
ſay, 5c A G-Radivs, is equal to:zc AGC-þreC AE, 

.' For we havebefore proved, that 5.4 B+Radias, is equal to: D B 
+to 4; but (by the 4 Lemma) complement AG, is equal to AB, 
and compl. AGC to D B,and compl.C AG to compl. D A B,chere 

-foreallo -c AG-|-Radius, is equal tore eAGC-|-rtcCAG, 


Therefore in a right angled triangle , the ſine of a middle part with Ra 


dinuy/s equal to the tangents of the extreams adjacent, 
I fay. further , that 


Part-2... The ſine of a midale part with Radius, is equal to the ſine: com- 
plement of the oppoſite 'extreams. 


For herealſo the middlepart i is either one wo, the tides, or the hypo- 
._ thenuſal, or one of the oblique angles, 

, Caſe 1. Letthe middle part be a ſide, as in the triangle ABD let 
DZ. be the middle part, and compl. AD, and compl. Athe oppoſite 
extreams. Then I ſay, that the ſine of B D with Radius, is equal! tO 
the fine of &.D with the ſine of 4, 

- For (by Lemma 2.)as 5 A'Dto Radius: fo's DB to ſine A, 
therefore (by Corot. 3 Prop.'z. Chap.” of plain triangles ) 5D FE 

_ Radius, is equal to 5 4 D-+-s A. 
: Caſe 2. Let the Hypothenuſal bethe middle part, 'as'in the trian- 
» gle D HL, ket icompl. LD be the middlepart; and DH and #L 
. the oppoſite extreams; then] ſay, that,sc LDF Radius, is equal to 5c 
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For comp. L Dis equalto DB, and DHis equal to compl. AD; © 
and HLto compL. 72 4 8.hytneg Lens) therefore, &c._ 1. 
Caſe 3. Let one of the oblique angles , be the middle: part. As 


' inthetriangle E 1G let compl. 1G E be the middle part. Then 1 


ſay that 5c 1 G E-|-Radius, is equal to 5G E 1--«& E J. - For compl. 
IGE isequalto DB, andG ET is equal to AD, and E1tocompl, 
D A 8 7 > | Ws. 

Therefore ina right angled triangle, The ſines of 4 middle- part with 
Radim, ts equal to the ſines compl. of the oppoſite extreams. Ke 

And ſeeing (by the third Lemma) the circular. parts of a right an- 
gled triangle, are the ſame with the circular parts of the quadrantal 
triangle adjoyning; therefore that which is here provetl touching 
right angled triangles, is alſo true of quadrantals, [Therefore tn 4 
ſpherical triangle, right angled or quadrantal, &c.. Which was to be 


proved. 


"The ſame: might-alfo haye been demonſtrated G = 6 
in this Diagram without the fourth Lemma be- 
foregoing, but. becauſe. that fourth Lemma is of 
ular invention , and of itſelf worthy. tobe. 
known, I- have choſen rather to follow herein the 


gz invention of the noble Author and Inventer of this B 


Prop. and of that third and, fourth Lemma, than 
otherwiſe. | | —- — 


- 


Triangles, by this late invention of Logarithms, not excluding the 
ways formerly uſed by natural fines, tangents, and ſecants.; but de- 

livering the Rulesin fuch ſort,as they may be applyed to either. What . 
hath been largely handled by others Lhave lightly pafſed over ;- other 
things I: haye more inſiſted upon. InallI have endeavonred { much 
brevity, as might ſtand with perſpicuity,” Now tonching the applica- 
tion hereof, I doubt not but he that.is exerciſed” in the Mathematicks, 
will be able to apply it divers ways, eſpecially to thoſe parts wherein 


' - And thus have we ſhewed the reſolution of Plain and Spherical 


he is converſant yet for their help that are but newly entered, I hops 


to do ſopething that kind hereafter, as it ſhall pleaſe God'to give. 
opportunity. - To whom alone js due all Glory in all things, 
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AN: APPENDIX. 
"Touching the application of the Dottrine of Triangles in the 
" phree;principel kinds of Sailing. 
be | 

; MEE: was here-to have annexed a-Treatiſe of Navigation, 

7 4nd eſpecially of ſuch Points therein as-have-reference to the 
Dottrine of Plain and Spherical Triangles :- Being; the rathes thereunto 
induced, becauſe T had my firſt breeding in Mathematical Studies and 
Praftices at Sea ; whereby I ſtand the more indeited, as to that excel- 
lent err, 10 tothe worthy Profeſſors and .Praftifers thereof. But 
wantingtime for the accompliſhing of that according tomy deſire, by 
reaſon -of my neceſſary abſence and employment far from home all 
this Summer, IT have here, inſtead thereof, ſhewed the reſolution of 
. certain Problems, . touching the three principal kinds of Sailing. . 


Queſtions of ſailing by the plain or + ordinary SeaChart. 


Although the ground of the Projeftion of the ordinary Sea-Chart 
being faMe (as ſuppoſing the Earth and Sea to be a plaid ſuperficies) 
and{othe conclufions thence derived muſt alſo for the moſt part be. 
| Erroneous: yet becauſeit is moſt eaſie, and much uſed;and the Errors 
in ſmall diſtances not ſo evident, we will not wholly neglett it. _ 


Queſt; 2. Sailing 100 Leagues upon the ſixth Rumb : how much ſhall Z 
alter my Parallel or Latitude ? 


£ - 
” 


Note, The anglethat any Point of the Compaſs makes. with the 
' Meridian, we call the Rumb-. but the angle-that it makes with an 

lle], we call the complement of the Rumb. - - | 

- © And foraſmuch as toevery Paint of the'Compaſs there anſwers 11 
deg. 15", therefore the ſixth Rumb from the Meridian(namely, ez c, 

e-se, wsw,0r w.nw) makes anangle therewith of 67 deg. 2&, whoſe 
Fgcnt 22 deg. 30', isthe angle of the fame Rymb with every 


R2 _ Now 
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Now admit I fail from Dto A. e ne 
100 Leagues; I demand thy, difference of _ 
Latitude DB. Ps 


By the third Caſe of plajn ng FE A ws 
As Radius, . = 4% 
*Sotheaifnce ran's oO WT 100 Leignes "2:00000 
ſo ne compl. the Rumb, | of FL 22 deg. 30m. %W.53284 


to the difference of Latitude, DB 38:22 Lea 5 ""* | 
- Inlike manner you may find the difference of 0m for avy 
_ run upoirany other pointof the Weep] 


2 Sailing roo Lage upon the fxth Rumb : haw far am 1 EI fron 
the Meridian of the place from which I came ? 


That is by the Fara ——_ As before | demand AB. 


# 


As pert : ny EI 
to the diſtance run: " AD 100 Leagues 2.00000 
_ toisthe ſine of the Rumbz =«. 5D 67 deg. 30m: 9-96562 


tothe departure from the Mcrid: AB 927 -— 12 Leagues... I -96562 


3. Sailing upon the ſi wth Rumb,, till T alter my Latitude one degree, 1 ws | 
how far T have failed? -- 


As failing from Dto A, e ne, ill the difference of Latitude D RB: 
be 20 Leagues ; 1 demand the diſtance run. .,4D, * 


Say by the ſecond Caſe of Nww trigugles... 
As ſine compl. theRumb , 5s A22 deg. ZO MN. C0. #7,_ © 0.41716 


to the as. of latit.. ma 20 OI 7.30103 . 
; F - w_ - — # 
" tis 
EE dt toy ors | AD $2 444 Leg 1 WY 
- - Thelike queſtionmight be move by: rages from the 


Meridian EVER: . | 4 Sailing 


16 3. Dat Ms at pert. 


9 a” ”__ YT ww, 


127 
altered ” latitude one degree : 


Sing __ frth Renb, ſpy pave 


dry Þ 13 
7 ee, Fill thedi 3 Fflatinade'D Bbe 
29 Foy ; p. my "ra ure from * Sls wag 
AY I the ARCs of Yn Pear 
* A5 Radins,: © L Sq 1410219A1 Serta 05 BL 
to thedifference of latitude : DB 2 league 1.30103 
.. fois Ro angent of the Rumb,,, . + D67deg, 3o'  10.38278 
. to the departnrefrom the Merid.” "AB 8:2 1.68381 


In like manner by thedepartire from the Meridian given, .you 
might: find the difference of. Vtitude. 


vSail 2pon ; ſome, Rumb, between the "North and Eaſti524 leagues, and 
See 7 have altered my latitude one ; I demand . 2; what 
Point y] have ſailed? ? | | 


7; 1 Gait fram! DwA4 Ginins Wins Rumb between this Baſt -and- 
North) 52 = Leagues, andthen find thedifferce of Latitude! DB, 
to be 20 Leagues ; 1 demandtheangle. A DB. 


” 


20 IL the farth Caſe, 
As the diftanad rug, - FD 5323 L Leag.« 00; a+ '8. 2819H- 
is to Radius: .- 
ſo is the difference of Latifyde,. D B_ 20 Leap. - ' * *{ 3:30 104+ 
toſinecompt. theRumb, | ©: © 5 A 22 "ug; 30 _ "9:58254 


Whoſe complement D 67-degs 30m:is the/ſixth/ Pain from ithe « 
Meridian, namely, exe. Here we neglect ſome for looms of a minute (as 
'In theſe things not to: be regarded) a and ſoinot 


Shines forme Deb famine Worth: and the Fi 
_ «1d finamg that Travel ered-my L one 
4 - efron dos J = —_ rf. 50 t 5\ abuoe 


 Taagues 3; 
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Er megan hoo eras Ar®o 374; Ieaguer, | 


the Logarithms of this ſam pj | remainer, and half the total % che 
Logettehen of the diſtance fram the firſt” meridian. 
Diſtance run D 4, 52 leagues nat 92 * leagues. wm 


Dileaf latit, DB, 20 __ Remain 324 4 rages, o853 
3 © 3:36737 
Depatrure from the-meridian 4 B, 433£ leagues. © 1.68368 


The ſame may be otherwiſe found by the ſame Caſe. 
And inlike ſort might the difference of latitude be found, the ook 
ture from the meridian being known. 


T he diftance of 'the meridians of two places, and the hferaic of the 
jy jaw of the ſame places. being ghuen, | re - find the Rumb and 
tance 


As kt A repreſent the Lizard in the Weſt-Part of England, an 
AB the parallel thereof; andiles;;7 | St Mary's Iſland, being 
one of the. Azores, D Btheweridian' thereof, 
Then is A B, "the diſtance. of the Lizard. 
from the meridian of St. Ma s, . which let be D 
272 leagues; and DB the: ola of their 
parallels,. or difference of their. latitudes 256 
leagues. - Idemand the Rurpb zinamely, the 


—_— and the diſtance. in the Rumb, ” Yrg —B 


— Firſt, or the Rumb , ſay by the fourth Caſe. 
As the differenceof Latitude; DB 256 Leagues, com. ar.. 759176 
is in proportion to Radius : 
243457 


the tangent of theRumb, + D46 deg -- 10.0263 3 
** Which ls the fourth Rumb from the 6: 4. and 1' deg. 44 M. 


th ſhews the courſe from St. Jary's tothe Lizard, to-be 
E. 44.0. eaſing: Or frpoaths. Leer, to St. Mary's 


. 44m. weſterly. And thus jt ſhould be by the plain 
Secondly, 


by the plain Sea-Chart. | ; 1 29 


Serondly, for the diſtance - =_ 4 A eng. <pangnt ee re De 
&s the ſine of theRnmb,  -. 5 D.46 deg. 44' co. arc. 10.4 3776 
to. {ear rag ofthe Meridians w 272 leagues, = © 2:43457. 

Radiu | —_— 

- ediſtance of the places; AD373 3 + leagues, / '» | S-47234$ 
_ Or othermiſe. | | 

As fine compl. the Rumb,, &« A43 d. 16' co; ar. ©. 164c6 

tothe difference of latitudes : DB 256 leagues, 2.40824. 

ſo is Radius, e's. 

to the diſtance of the places, AD 373 2 leagues, 2.57230 


And ſuch ſhould be the diſtance by the plain Chart: 

' 8. Sailing away ws w, I ſee a Point of Land, which I ſet, and find to 
bear from me w by n ;, andhavin {in ailed.' ſix Leagues further, I find it 
bears from men - by w: 1 _ now how far it diſtant... 

As let E be a point of Land, 
which: when the Ship 1s at 4, I 
ſet and find to bear from me 
by. » , but Thold on my courſe 
from A to D ws wb miles , 
and at D, I ſet theſame Point 
of Land again, and find it to 
bear: from me » w- by. w-. I demand the diſtance therdol DE, that is, 
how. far- it'was from me in my laſt obſervation. 

| Eirſt, I conſider that between A E the w by #, and AD the ws wis 
three Points of the Compaſs, that is, 33 deg. 45 m. which is the angle = 
at A: alſo betweenE 4, thee by -, and Z D thee. bye, are-two | 
Points, that is, 22 deg. 30m. 

Therefore by the $8 Caſe of Plain Triangles. 

As ſine the angle at. the pou 


ſeen, . E 2.2 deg. 30 Mm. com, ar, 0-41716 
ogy gr run _ AD 18 miles, _ , - 1.25527 
\, JO fine the. angle at'the fir | 
. Place of obſervation, ; J; A33' deg. 45.M-. 9:74474 
tothe diſtance of the Point ſeen E D 264 miles, 1.41717 - 


Wherebyit a APPERrS, that the diſtance of the * Poitt ſeen from-the 
an of your laſt obſervation, is 26 miles, 'and a furlong. Inlike- 

manner, you may find the diſtance thereek from the place 'of your firſt 
abſcrvatian A. 


Admit 
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139 lems of Gang 


Loew yon "ff Od wrt Lizard 40 Se; Mary": be SW rhe a 

Eon ws, and aftirinar £50 by $; and fo ſbnievinnes joke b; 

0ints roamed ee the _ till ſhe arrives at wt Mary's; - 

mp2! I Kh ng ues fhe bath ſailed: one of rhefe'Pomts, il 

and how many ho the robe NN te? 7 F | 

; - Jet. of bethiel izard, E St. Mary's, and: ſeeing 55 w. being from 

4mtwopoints, makesan angle therewith of 22 deer. 30 m- which let 

be-4atow by « makes with 5 wanangle of. 33 degr. 45 m. which let 

be-Ez alſo s 5 w makeswithw by 5 an angle of 56/degr. 1 5 m1. which tet 
bethecom view of D toi 80 degr. 


+ Therefore-by the 8 Eaſe 


Asthe ſine of D 56 degr. 15 M. C0. ar. © ©.o8015 
to iſtance given-AE 373 5 Leagues 2.57113 | 


fois eof E 33 degr. 459m. _ 9474474 
We. 24873 Leughcd | 2.39602 : | 
Whhick 1 runwpon the 5.5% point. 
| . PaAgain , | 
Asthe fine of - 0/56 degr. 15 Mm. 0. ar, _ ©.080x5 
to the diſtance given AE 373 5 Leagues 2.57113 - 
ſois the ſine of A wary: ow: 9.58234 
tothe way tun E D 91 ey -» 23413, 


Which is the diſtance run upon the w by s Point. 
19. A Merchant-Man being in the Latitude of 4.3 degrees, falls into 
a on of Pyrats;, who, amongſt other things, takg away bis Sea-com- | 
: But when-he 4 gotten clear, he ſails away as airettly as he tan, 
Lax after two Anys meets ith a Ban of War, who alſo had been the diy 
before in the Laritude of 43 degr.nud | [ailell thence $'&by $ 37 leagues: 
He deſirous tofind a Pyrates, the Merchint-Man tells him, 'he x 
them lyingto and fro where they rook him, and he had ſa ailed ſince at le 
64. _ _ IIg and Weſt - what -cowr ſe ſhall the ran ofa | 
y* fe: Pyrats : | 
Lata becky pratie df-43 'degr. D the-place' wWhete: the Ships 
meet. Then is there given A D 64 leagues, E D 37 leagues, and t 
angle D E A five points, -6r 56 degr. 15 Mm. 
Therefore 


br 


Thos, 151 MO 


wed 2D. 64 1 "4 are" porn | 


> fine the. an b Ser wer eng ees« 

*. the Man of War, ” ep 37 Ns >... 1:58820 
to lie anangls required, 5:88. da (+14, 1:9:68187 
hatis w.5:96.d 14 mM. Southerly, -nddh hath the Merchant-Man 


failed ; therefore toreturn tothe ſame place, he muſt ſhape his courſe 
ene 64d. 14 :m. Northerly. 
: 11 Thereare two Ports lyingn e, and s'w one of ariother , a- ſhip ſails 
fromthe weſtermoſt of %E Parts e@ $ e, 4. Ao another departing- 
 : from the eaſtermoſt Portz, ſails 66 1e meets with the for- 
© mer; What conr ſe bath this r fecond fre d bo ave < Ports 
' aſunder ? 
" Let the North-eaſt Port be ,the Seth: weſt 
tek: ſhips meetat-D ; and ſoraſmuch 58 from E to > A;the courſe is 
and from Eto D Eaſt South-eaſt: therefore the angle at E is 67 deg. 
_ 30m ahd thefide ED 47 leagues, *imd/AD 66 leagues. 
Therefore by the g Caſe of plain triangles.” 
| And ſeeing from Ato E, the 
' BW AS4DG66 leag, co. ar. $.18046 courſe is Sonth-weſt, and from 
BY tofine E 67 deg. 3om. 9-96561 _ 4toD, 41d. 084m. more Sou- 
ſED47 leag.  _ 3.67210 therly ; therefore . the courſe 
2 "a from Ato D, -isSouth 3.d. '52 
. toſine 441d. 08m. © 9 $187 *m m. weſterly. 
W | © Secondly, for the.diſtance of theſe Ports AE, the angleat A, being 
' WW 4x d.o$:m. andthe angle at E 67d. 30. m. the ſam of them cks 
_1084d;38. m: which ſub | edfrc 180d. leaves theangle at D 91. 


| Y. 32.0. 
: Therefore by the 8 Caſe of plain triangles. 
p tae B67 deg. 30 min. 0. ar, 6 03439 So that the 


WW AD 66.1eag.” 7 $1954 diſtance between 
= Þ : 2 a 22, min, 0.97662 | the two Ports, 
2 ak ——_——u 67; leagues. 


SS Cam» 4 gems 


a ITN, >” es Wy 3 tC by $25 EP TS 297 en ol oa 5 > I TOY IT TRE F Oe > A 
ONS FTE MESTOIS Yr E ANI y eee rr WE, R 5 Og 
6 » A w - * 
ICS. ps 
*0: _- ” - 46e : . . & Y - 
Ro ” 
Fay 1; . = [- 
bf is Jo — f 
% = * bis < 
ba 
; 
\ 
wo / 
' 
F 


bon the $ 9 Fo [chovghtl Toreclary tomake another Caſoefir:| 


22: Coaliing rotvards the Evening P wc br of a Cape or FOR 
' lan end hjcler deſire ro jt freer in the ext. f _ mor ws 
ame $'Se, and'ss diſtant b any, ues; but? ieer, away South, 
"-milrwo of the Clock in the Morning, in; abou + I2 leagues ; 3 and they would 
_ know how the Oe bears wFOY me, and ham far it ts «of: P 


D. As: ade at 4-, 1 obſerve: the. | 
"Xo Cape D.to bear-from me: #51611 \ 
leagues ;. but:I ſteer 'away South, to. 

E 12 leaÞues. I havethen AD x45 

E leagues, AE T2 leagues; the angle * 

at A 227 degr. 3O M- iy”: 1 

"pt E303 Firſt then for the angle.at E by the. lo' Caſe... #7 236-1 

As AE4+4AD' 23 leagues coop! as. 8.62828 

to AE A D-o1 league, 8 | "I 

fot + C1-D) r 78 degr. 45 IL " 10.701 34 * 

to tang. pg 12 depr. 20 1s” Ie: $.- Wea 

© Which ſu | gd 
-chore vetnabs .« .£ 66 degr. 25: -m- 

In working this Exaniple: bectuſe, the-angle given Ais 22 £04 4] 
therefore the other two 'E and Dare 157d. 30m, ( by ther Lemma : 
ofthe 3 Chapter of Plain Triangles) the: half whereof is-78.d,” 45, * 
whereby-we find'an angle at-F, 120.'20 m. which ſubſtrated from 78 - 
d. 45 m. there Temains the angle at 'E 66 d. 25 m.: | Wherefore-ſeeing © 
EAtsa Northline,ED is almoſtiene, namely, e#e.1d. 5' Northerly. | 

| » Secondly for the. i gs? of the Cape EP by the 8 Caſe.. | - _ 
As ſign the angle fotthd , E 66d. 25 Weg. ar. . 0-63 $3". 
to thedift.in the evening: # D 11 leagues, 1-044 
Sothe line,of the ang, BIVED, s' A 22 degr. 30 © -7% 9.5 


to tic diſt. in the morning EB D a; $ leagues, / 
That is atoye 4 kagues and an halfdiſtance, 


| b '3 EY ſeil aney from ia crrgi Pore. ex w "50: leagnes, and ebenck 
- "ag Cn Cues 3 upon wh ; 


.. by# 7am yon is _——_—_— er jonny Ailtance AE, 
| Fromithe 77 weothe wby 5, are five points;that is 56d. 15 m.which 
' is thecomplementofthe angle at. D, to-18c degr. Sothat the angle at 


Dfuns d. 45M. Wherefore here are given thetwoſides AD: and 

, in _ andtheir-containedangle 3tD- Therefore, - - | | 

[2 . AS AD+ED80 ago, : Hh? to.ar. 3.09691 

| "to FD—ED 201 IV ' 1.30103 

- for +(AFE) t 28 08, 9-72810 

W | ” #: ot F 07d. 37 # _ 'g9-12604. 

, | £; Bags _— j 420 Pk _ Fg 

: WU © Whereforeſceingthe courſe from «1 to.D-is.5 5 w, the courſefrom 
- Ato&is20dz31m. moreWelterly, that is «w 2 deg. Oey z{o 

4 that I have made my way good - w2.degr. ſoutherly. 

| WEED | © Secondly, forthe diſtance upon that Point. Wo 

, ' y Ree ah wagon, 5 A20degr. 31 m. 0: a5 +. 0.45534 

. HW © tohisoppoſite fide given: ED 30 leagues OOF 0247713. 

* ws ——_ the angle GG; 3 D 56 degr. 75 M. 9:91985 

= 5 Endo oppotite iderequir: AE 71 *levgues 185230 

"WM _©#*- Whithis the diſtance from thatPort. $7 10S 

= =. "There art” two Ports in one and the ſame paralkl: or laitnae, "dj ;fPant 

* -64 leagues; and there ts a certain 1ſland mare Sourherly, diſtant from the 

BH eakt# oft of theſe Ports 47 leagues, and | from the eſtermoſt of them" 


8 "= Hi 4” my; {T1 Aemana the yy from the Ed Pore: 40 hong 


* 3 w the raſtchmblt: Pott. be/X, the 
W ftermoſt E, both in one” and a. , 
ne 'Þ: d AE, diſtant”6 : 

che1gand be'D, Min from 3-9 yan us Ec 
3*leap, rot E $4 leap. drag ol UF ALPNULLEEED.” 
b nir cas Ato D, that A - 4D 

angle at 4, or the complement | 

'Yhereof, 
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ops that might be meved, knows that Leave poſes SAR, at 
beg: for-I d« Hh 


ns ln to Fr Tos TOA £1 OALNES 4 Ea Lt 4 
the half. whereofis | © >, 7 
Then by the þ xth Caſe of plain rieagls. be 
As AD 47 leag. »*_ - comp. arith.. ®., $.32790. 


$0 AB. 40 7555 | _—c $i Eee dh 3c ok 7 


to 5c 4, 558d. 5 - | 9493242: + 
That is coorhwelt and " Welt 24. 361 ny m, meter, «ch is. the. 
egurſe- frotn the Eaſtermoſt. Port of the Iſland. YT ITEs Hl ; 


I5. A Ship ſails | m One "Port 7 A ſecond x $5© (89 lea rF 07 thence. 
10 a third 5 4 leap. nnd'fromthat third to the firſt-85 leag. io 1 demand 
the conf from 4 Jeroud Port to the third, and fromghe think 79. he, 4 


3: \ his and the like are to be wrought as theſgemergwhich therefore 
meleaveto your own practice. . . bb. 1 
: Sorfle: ( as I have underſtood ) who. dolinte of rhandcves, 
carpatothers, aid yet. borrow? | me;for ſetting down 
many- Problems;but he that knows how.to nick aright the Queſt 
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le to katn a that ; for we donot | Yanderl} nd at 

= on through nd 'ditog Aer ua > Therefore notw 

us perſons vi 
In, who well EO 7 

ple iv-Problegs! more. ( note h .anv.0 


ta, many. PF 28015, {XL of. mmeyit 6: 1095572 | SPY 
; T1-719 qo Fa AQ of as TO | -Þ +t> 3% 
"oral 
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*>Fir | Thenk naar, cn «5 ting windward, 
H "AST rc *MEnt Flie within" 4 ” dnits of: this A 1'(/if 

vard wayzthe will ſcarce makefier way iy pom poof 

WING ben 5 Mort ne ſomeimeie cording as the Sea i &'rouj Sher, 


L as 
: or 3 
alt y- 
Y-L 
Bob. "_ 


A hf s$"be not Fairey to windwirl, 

7 ve or ſix points wind, then 

#h ſhe turn dn ello: + ill ſooner arrive at 

> plack than | foe burhg W,an itt | on; "fot the one, 
ſortheother; 51 {theſe caſung | _ a | 


wk by 


' Ler the po) tion 2 as WB BL next figure ) be South! 100 milks, 
1d the wind at South, and admit the Ship intending to. ſail from Ato B, | 
"make her waygood withiny5 & 3r m. of of the wind ( Ich 1s almſt 6 2 L 
- .. ointsof the Compuſs') I demand how far fe io upor Ele. and : 
how fa Ou lip 4 4 wh ops: 


ve W Fro ela akeher 
BAC Sip pe Paige xeto. is & aa gle 

Hot Ne foich® line 4 B ike: 'or at equal 
twoa be eagkes C284. f nk d. LE 
es e at C 2% 0 
angle « 4c an RE 2 bo ls 


TY 
"* 
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, _ Y : L SAY W146 {Fe I. 
> - As is -the angle E 284. gi m. conpl. arith. . "2% 1488" 
by 0 DING lide A B 100 miles | 2.20000 


M5 Fe ang FOI 32. Cans 9.99397 
. HE os Ae: ag mito TN 2. 30805 


*Soe /&/ 34.4 8 
Uo "O2. lo '; pooh 3Þ6 -E*1 
 Tige 903.26 07 ob F: DD | : 
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; ke fin In T No, 


Fer the { ide «6: go, 40S compl.. ach, _ Wo 
to Radivs : 9 þ Foy; ; Res + i I i” OY ' T2 I EPS .* 
_—_— AD- go * 'c cif Wk LR M's IT $5 jv; bes” . 


| eats = DEA 19g or. 28m. 6 
_ Whoſe© Fd br: .is the a angle. 
makes her) way g thin 70 degr. 32 m, 


18. Lerthe its «from. pr Abs in thu, b nth - 
degr. pa np { the Gand. | 

T's x hrs 1s ts Ships way by dead none apor the one, x 2ack. 44 uo 
. the Hager qa 5 | 


"8 Sh "the 2Dp1E at 
CG = redline theſe two, dy 
254. 32+ m. and 38 d. 56 m- us 


LEA ae theo 6b PN 6 9-5 
"As: Ig a6. 0.917 LAssC. 134. 96-0. ar. 0.20195 
miles :0e|to AE roo nules - -  2:-00000 + 

AC ee5.k ous BAC 254 32, 9-63451- 


«Wo LE LOG LENS ke 3-85626 


” 
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4 miles, and "citidhor gapats oordt: <br acre 68 ; $ miles : 
Inall 2125 pronto dps, uarter poiar-Weſterly- 143% 
_miles,ande' 50'S 5 quateroſaPointEalterly 68 35 miles. * 

Jo. ; 
'Þ Tier" ce from\AtoE beqoo miles Southweſt, the wind af 
et pr j from Ao C, ſo negr the wind at ſhe can 'by'1 4.3 5% 


ER. mGyzo E 68; + miles: 1 Jemand. how "cle wafer 
DT ' Waker her wi _? | G A fi 


* TT. Here from AC” 143.6 ve {lp 

>” Er "_— EC 636 

REA ot "4% Then y;.. Wooly ubdne 3615 

As the kde © E B "-55-miles - oompl.' ar.” '$:12494 

.*o 5 the angle B AE 45d. com. © '* 92884948 

_ -visthe fide A. E 1oomiles: + + , + Z:00000 

- 29 hetngle at <P: TO d. 32M: Wes goaney: 

?F,£ _— 8. | 


rao is equal the angle BAC, whenee Econclude,. OR ſhe makes 
: ber within 70 degrees,'z2: minutes of thewind ; { that 
© ith re 1 at Southy'ſhe makes-her-way g66d upon the' onetack 

| —— tn Met ». and opt the.” other ee Point 
AT Have: boi my 'spalt, in my-Bookentituled, The Sea-Mo's 
.Prattice, ſhewed'(firlt Tthink of any man, though ſome have touched 


L it ſince) the reſolution of about a dozen queſtions touching 
Currents, 


Fi 


wat SCI NA RAPEEtre EL ALI GD W one os, 5 FILL IS As + 45 Py 
I Lo ts 2 S ap You 5 Tis? 5% 


is the ma angle BE 464.4, 28 


atop out of a Ourre t; Eb, ind. or large) 'to'our 
regs babe td "theirleiſ | 
pened curſorily themeth6d for 
ins Snbj gbjetts Mathematical, or others. * OE 


4c diſtance from AtgE; be LES 7 400 wi Ste, th 2" 


wihd at South, and a Current under the 
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good within50 4. 2 nyt pag vie the wind from 
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"FOwArAS | 'C three days, and ud the, COU SE 26 R-ndjen Jy ; 


"4 enwn Fete. 


x  wxcah "£5, Taſ Sy 70 d.* 
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d* 32 m. 'to which ating), OK 
” the ſums 141 deg-5404 min. + + 


nie taken from 'two right angles ,. OE, M5 vg \ HEE the 2 


AG Bor ACE 38 dy61t. to which adding: E A C25 d. 32. ol 
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end, 2 ame things given: to' find he} Qirett coſiiats of ide 
ace | 
F $ firlt, to-finc thep ſition from Summers Hed hich {© canbe 
heat F, to the Lizard at D. © 


| Here according to the ſecond condition of - 
' MW [ttiog fall a perpendicular, Chap. $. Ikerit 

= fall from the Lizerd at D, that ſoit may be 
- WU oppoſite, not only to the- "angle: given at 4, 
, BY talſo to the. ye & required at ZE. And. | 
© E thenagreeable tothe fourth Caſe of oblique - - 
Þ® | {ſpherical triang] angles, [ firſt find.as before AB 

' W tobealmoſti6d. 1m.and ER 41 d; 34m © 


SS 7 Ow - - 


E1 then1 fay,"As/\ABtos £B,ſorc 4 torce. 

- 'Or ifyou would nox work bytheir pmple- - © 1501] COR | 
» (eat! Sap, 1D 0 27107 ab1 PT 
Y CaAs fine the ſecond arch, s EB 41d. 34': £01.48... > 0.49884 
| "© ſive the | arch, AB 16  01--: 9; 40.4404 
. $7 rt the a of phe elogit, ; DAE FO: 0. rf 
; " Vorhor of dineft poſs poff. (i x9 AED as 129 

$ * W brag it appears; cate the angie of poſition FR] 


Here the mark iffers not. os the force 
provided; that! you let fall the) - | 
10; as #2nay be oppoſite Ir >the: es ipiwen 
afid required... ©A$ in this Triangle; Jet: be | 
'1the' Pole; Ev. the Lizard; D- Summers J/lands, 
theperpendicular 1'let' fall from Dto#, that 
{s-it may be oppoſite to: the anglegiven at A, 
and tothe angle required-at E. - Then is AD 
_ $hedegrees 35%, AE'29 Jegs'Oo', ws; | 
beg on, therefore : fay;- 


Thes hifi. of lanpicndy DAB 65.70! d.,00',- 5c « DAB SD 
Fbe.compl; of RET, v7. 5 35, t..AD 1919227 


Thefch. AB x 
7 OOPS, CS 'KE” by So 


The ſecond arch .EB ro I Fketby 'the abele at 
E is thus found. As 5 AB, to5EB? ſo wh, tofeE, or toſhun'the 


DF” 00% mi ali: 4 

Yehe arch , -5EB- 21: ids 42. 2600 47 | © odoncd 

- oniche ſt arch - [14 |AB5o 281152255: 12 9:67445 

EA he of the longit. © tur'y 190! £17100 * © 10-63895 | 
] poſets + o B&8 {i 0 Lt 19.80634 

af the.Ulired poſition, fromothe. Ligur d: or. 

ſs, fromthe» North part of the tq the 

7 points 0 the Gompals, and almoſt a quartery2t Ei 

— 2 Hager oweſterly. : | | 

pea "pep pprars, has bb which mould filth near may om 

Setters ſlands to the bizard malt 1at .firſts\ courſe: -t 

ler go hater degrees »e by Al nora partic e, thene by, bo. 

Eaft, -then Ea Soutkerly, &:c- @si wer ſha Iy.ſhew 

kereafter, =hdthelike i540 bo vader ftoodlaf 0 | Fear 1, //But 


The geaf itec * fk with, their, di Efrance wn lag. 
vac, and «i Kaudes ? find thy ; RPA: 


*þs adit thoifarce ina great {Gai Fre Land to Summers 
Wands, namely, from Eto D, to be- as it was before found. 1068. 
| kagues,. or $3 deg, :24'$, and et. t eir difference of longitude, EAD 

he 50deg. ©0'; my let the latitude of the.Lizard be.z0 deg. | 
| whole Gamer; E Ais he. co'; ng Is d-cyrohes g-20 ie 

tion from Snmmers 1 tothe Lizard, Ean S- 

Fhendoth this Problem come nog ed of obliqus phe | 
al. Triangles, and.is thus, reſolved. 


: Moths ref fol dforer, s$ED $53 09. 24', C0: ar. 0.09538 - 


of th | 
Tf thy 4s; ha-e7 s+D,AE 70 00, 9.97298 
Lompl.; the latitude Le: Is 

wy place gives.) g s AE 40. Oo, - Send 


Th of Fo eg | A 
; 4H then? is: 'a minute:  ftchce befwien the. — ebore: 


found ,.andthis ;. it nayariſc by negletting ſome ſeconds cr Jere of - 
pen layer mh which,here we regard/not.. 
complement. of the.other latitude” given, , 


AD, me might.find thedi iype 3 thet Lizard 
Haga, namely ; ay gle Ie Palm P 
Aakkies! WE m! 9, .many,0 $6 a his; 
Triangle, to the _—— Dh diſtance, ren nce 0 7 
latitudes gnd .an aof 7 pon of theſe two pen 
w 0 Ebe HagLta hid tha lerſtagdeth, what we have be F: deli - . 
| QUC 


_— ſpherical Trian ages 
' /Apd- what hath-been faid. touching theſe two places, the ſame: 


is.to. be-conceived of any other two __—_ differing.in their lpngi- 
ty 8: 


us, is their difference of longitudes Therefore paſſing 


- over theſe, we haſte to ſuch thin things as- more ang Concern LOS 


praftice of failing by a great Cir 


-FROWb: 8. Tofind by what longitudes _ latitudes the arch os . rea 


Crrele, th - 6a : 


Pa M3 3145 


-We have ſhewed tebore TE! to > Bud as of cron 3 


the arch of a great Circle;as alſo the angles ofdiredt poſition 


oneto the other ; here is required the-longitudes and Hatitudes , by-\ 


| evo that archof a ts: Circle doth paſs. 

&s in this Triangle;-Let A be Sum-- 
mers Iſlands, E-ghe /1 AEAE an 
arch'of the great Circle-paſſing 'by- 
theſe places; it is required to ſhew the 
1longitudes and latitudes... by* which 
thisarch A Edoth paſs. 


icular from the" pole D;: tothe 
Log A F(extended if need ſo require) 


thelength of that perpendicular z' Se- 
the'parts of rhe verticalan- 


PR 


in Tight ps Trlanjjes, andere relolved'by the addition of wy | 


f-N3Gs 


numbers onl 


_ AD570; 35; and the angl&of poſition's ae? rt 
th 2 ; therefore by Ee Wo | 503% 


Yehgaat- 5 4#: F | B36 DIV 


Here it is requiſite to let fall a pers: 
which let be D'B ; then firft-ro/\find. 


Ip ge Hs and and' EDB,"ifor theſe be- 
had, everyorher queſtion will fall! 
"Firſt then 63 Wk DB, thetd .are wentheh hens. 
f then for ch perpend 8 belle A 


STD” 
FN 


*.* #4 4,55 4 
. X , , 
FE | X 54 


+ ama 4A a -c- py 


Rs an ot 


'by # great Circh, 1G; 


Y Thecomplenient of latitude ' AD is 55 d. 35/ + AD © 9.92643 
E The awg/c of poſition " A: $5,48 485" A 9:37645 
i The perpendicular, DB # 39. 26.5 DB 9.80283 


5 And tkis 29 d-.26 min. is the complement of the greateſt latitude, 

© by which the great Circle. 4 BE doth paſs, therefore the greateſt 

BY obliquity or latitude from the EquinoCtial of that Circle is 50 d. 34-. 
-. © Secondly, - for the angles "AD B avd EDB, by the Nimh Caſe. 


; BB Thelatirudess the compl. of AD 32 d. 25\' « AD 9.72922 
* BW The angleof dirett poſitionis A 48 48 t A 10.05778 


: The argle at the perpend. is ADB '58 31 tc ADB 9.73700 
And iceing the whole ADE is 750 d. oo, therefore the angle 
'EDB is 11 d. 29g. Sothat for the greateſt tatitnde of this Circle, 
which is B, we have found the difference of longitude from E to EDB 
11d. 29m. and from A theangle ADB 5$d. 3i m. | 
- Now the difference of longitude from A to E, namely, the angle 
FDE being 704d. oom. letit be required to find by what latitudes 
_ the arch dE dothpaſs for every tenthdegree of-longitude- from &. 
js ſuppoſing the point Z, to differ in longitude from 4 10d. I would 
ritugeotthe fawmepames. ET: | 
. Here ſceing.we have before found the angle AD B to be 58d. 
| 31m. and theangle ADJ, being by ſuppoſition 10 deg. therefore the 
le 7D B 1$48 deg. zt mw. andthe perpendicular -D B we found 
" W Ocfore to be 39, deg. 26 m. by which we may find the complement 
" W Of the latitude D 7 according to the third Caſe, -thus. _* . 
: The angle IDB 48 d. 31! 6 TDB 9.82112 
_ The perpendicular .DB 39. 26 tc DB ©. 10.08492 


. Thelatirnde ts the comp. of DT 38 51 tc DI 990604. 
- U like mances ſoppolng the point O, todiffer in longitude from 4 
to deg. com. Yzodeg. M40 deg. N 56 deg. we' ſhall find the 1a- 
titude, of the point O'tobe'43 deg, 34 m. thelatitude of 46 deg. 
EE Xe latitude of 21 '49 deg, o4 m. and the latitade of V' 50 

ef. -x «Mm. 4 0" CE 

51 Note: *Forevery.of theſe differences of longitude propoſed, we 

' might alſo find The diſtances and angles of poſition z contrariwiſe, for 

any difference of latitude given, we might find the difference of lon- 

kituds, the diſtance and anfle _ —_—_ T : and for any diſtance given, 
Jai of we 


x64: © _* Problems of Sailing 


we might find the difference of longitude and latitude, and the angle 
of poſition. All which will be eaſily: performed by him that.is a little 
exerciſed in ſpherical triangles. 


Probl. 9. To find bow far a man ſail by the arch of, agreat Circle, and 
how much he ſhall alter his longitude and latitude, before he alter 
his cour ſe any number of degrees propoſed. 


We found before that the angle of:poſrtion at A was 43 d. 48 m 
ſhewing, that he which would fail from Summers Iſlands, here repre- 
ſented by. A, to the Lizard at E, thedireCteſt and neareſt way; mult 
at firſt ſhape his courſe from 4 North-Eaſt 3d. 48 m. Eaſterly. Yet 
he is not to continue this courſe, but to incline by degrees more and 
more to the. Eaſtwards, &c. Now then [ demand, how far a men 
fails from Ain the arch of a great Circle, before he alters his courſe 7 
d. 27m. thatis,, before he may ſteer away » e by «, and how much 
ſhall he firſt alter his longitude and latitude? * 

Suppaſe.he muſt firſt come to 7,before he alter his courſe 7d..27 m. 
then 1s.there required the diſtance A 1, and the longitude and latitude 
of the point 7. | 

Here it is requiſite, that the perpendicular D B-be known, which 
we before found:to be 39d: 26 m. alſo the parts of the baſe AB and 
EB; ,which we may find by the ſeventh Caſe, thus,, _ - 

The angle of poſition given A i 48 d. 48 « A 9.31 $68 
The complement of. lattude AD # 57 35 £ AD 10.19720 


Thebaſe bee AB. 4&5 46 03. t. AB; 0.01588 
: Whſth taken from Alc, 36 | 
: Rovy remains _ EB o7 | 23. 

Theſe things premiſed; we come to reſolve the cheſtic 10n. And Cont 
{idering, that the courſe given.at g,is x e by e, which Rumb makes with. 
the meridian-an angle of 56d. 15 m. thereforein the triangle D 1B, 
the angleat Zis 56 d. 15;m. and the perpendicular D Bis 394. 26m. 
whereby. we may find 1B by. the ſixth Caſe, thus, 

The angle (4 PO nov. "1 $46 C8856, DIB 9.82489 


The perpendicu DB 39.. 26+ DB. _ g,91507 
The baſe-# Sn 1B 33 | 20 i: TM 9.79 6. 
Which taken from AB 46 o3 | el 
there remains "MSA. OK 7 -hiib an; 2 


” Which. 


Ken 


' by a great ves... * 165 
Which converted into leagues, is 254 © leagues , ard ſo far youre. 
tofail from 4 in thearch of a great Circle, before you alter your 
courſe 7 deg. 27 min. And in like ſort you may find it for every ſingle 
d degree tobe ſuch, as by this Table appeareth. 
n 7 of Deſt. mm, ' Whereyou may perceive, that having run fron 
poſtion.|d, & m. Atowards E by the archof a great Circle 2 deg. 
p ! —| 2 min. that is 40 + leagues, you alter your courſe 
[deg 1mm 1deg.min” one degree more Eaſterly than you began. When 


} — —— you have run 3 deg. 56 min. you alter your courſe 
t 4&—48$Þc—O0, 2 deg. 00 min. &c, as in the Table. : 
d [45—43 22—02| Now for finding the longitude and latitude of 
n Fo—4b Lt any of theſe points, it may be done by help of 
7 $1—48]5—43] "the perpendicular , and angle of poſition given. 
h $2—4*107—25! As if there were required the Jcngitude and lati- 
[5$3=4* ©9—93] tude of the point 7, there is given in the triangle 
L $4—4]'c—35] 1D B, the angle of poſition at 7, and the perpen- 
e FFm—4* 12—C4| dicular DB, wherefore by the 5 Caſe 1 find the 
$6—151:2—4:f complement of the latitude D 7, and by the 4 
h BY Caſe the difference of longitude B D 7, the angle B D 4 being'be-. - 
d fore known. | T2 | 


"But -notwitt ſtanding all that hath 

b hitherto been f41d, it may ſeem hard - 

. todirect a ſhip,- and to keep ſuch a 

- reckoning as'may be agreeable to this - . 

kf method of ſailing by a great Circle. 

* Andindeed,as it Sina manner tmpoſ- | 
ſible; ſo neither is. it neceffary, that a - 

. Hipſhould alwayes perſevereexattly / 
In the arch ofa great Circle. It ma 
ſuffice, and-is almoſt” the fame in ef- 
fe; if a ſhip be ſÞ directed that ſhe 

near this arch. Which, how it may << 

6-2nd] that with Facility, we 
nie now-t& ſhe It this next Pro- |, - 


Pp o CFoE,s 
blead,19307 7 
#1 D311974\v1. + j $432 < 
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oy þ ; ; i z 3 
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Probl. 10. How a: man may dire his courſes, and keep bus reckoning, that 
+. Would Sail near the archof agreat Circle; i tl 101 
That this may'be the more plain,we.will briefly repeat ſome things. 

before handled, ſerving for this purpoſe ; ard fiſt, ſuppole the laty- 

tudes, and the difference of longitude of the two places tobegiven, 
then may you find their neareſt diſtance.in the. arch ofa great Circle, 
and the angles of poſition of the one from the, other, as.we have ſhew-/ 
ed in the ſixth and ſeventh Problems before going. And- thus allthe 
partsof the Triangle propoſed are known, namely, thethreeangles. 
and the three ſides. | | | 
Secondly, you may find-( as we have before. ſhewed in-theeighth, 

Problem ) by, what longitudes. and latitudes this arch of. a great 

Circledoth. paſs, namely, , the arch that goes by the two places pros: 

poſed; . and this you-may dofor every fifth degree of longitude ,or for! 

every ſingle degree, if you will take that pains :. or if your difference. 
of-latitude be more than your difference of longitude, -you may-do. 

— for every fifth degree of difference of latitude, or. for. every, lingle 
EBTCE. | 1 HONG 168 

Thirdly, upon a Chart or Blank lined. with, Meridians, Parallels, 
and Rumbs, according to Hercator]s Projettion ; you, may prigkdawnl 
all the longitudes'and latitudes found as aforeſaid, by which pricks. 
you may draw arches , which ſhall repreſent.the, arch, or. the-great 

Circle paſfing by the two places propoſed : or if you gnly, draw right 

lines frogi one prick toanother, it,may ſuffice. Which axch ibejngithus. 

deſcribed on that Chart or Blank, .yoy ſhall eaſily. ſee-thereby what 


courſes to ſhape, and how to keep your reckoning, failing ſonar thi 
arch of a great” Cirete 2$you ſhall think. convenient... |. . > tht 


39 11073-6730 

It may ſeem impoſſibleg that this arch of a great Gixcle, baingaipod 
the Chartor Blank a curveline, ſhould be a ſhorter allage bet eaſt 
twolplaces,than the right Ing. drawn gn the Qhart from aheapeto.the 


other*-But he that wellunderſtahgs the: ground and projectionabthis. 
Ghart, wi! beable of himſelf tore 6 thi aradg%: forafmuchts. 
the degrees of latitude by which thearch doth paſs, are. greater,thai. 
the degrees of latitude by which the right line doth paſs; whence it 
is, that the degrees contained in the arch, are fewer than thoſe con-: 


tained inthe right line ; therefore to proceed, . Ro 
C4) 15] C '4 : 


OT 


TW 


Pg 


v0”. GRACED i» > —. 


Let us.take for Example! the two places before mentioned, namely; 
Summer's Yard, lyingin theJatitadeof 32 d: 25 m, and the Lizard 
the lanrogg.of 59 d.. 00 mt. and ler. Fheir diferece' of Maende! be 70, 


X in-this. Diagram, 
D the Lizard, A the 


Sunimers Iſlands , 
North7pole: : 


$i 


69.4 great Circle. 


let E repreſent 


. The | is AE the comple- 


ment of the. latitude , of Summers Iſlands 
d..35,0. AD the complement of the* 


7 Ro 
ſnirade of the Lizard 4d. D AE their x 


difference -of longitude 70.d. oo 'm. By 
which things given, we may find their near- 


< Giſzn 


T, 0 YO complement 


"442 the tangent 
*The ſum #5 the tan 


of 


ce, E D, as in, the fixth amt 


DAB ute 35 to as _ 70 d. oo" 


AD that 5, I, "the tangent: of - 40” 
AB that 1s, the tangerit of 'x6* 


Em of 
” a hi ſubſtrate AE that #, from. 57 
[here r6mains . _ , EB, | | 41- 
Then 1 fu, : 
*# fat” "complement AB that *; |. fine complem 1-16 
"'to fine c0 ara 'E'B that is, ſne' co ny 41.. 
97 ve complement / ''A D' - that ts 'Þ _ AO: 
ok come ent "EIF"" "ther, NS 365 
NE rhe. ow 'E ith 1 at '- 53 


Ws 


43.4 # 


3g Ks ST 


ET 
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: PAT Fo From, the. Ligerd to m_ Iſs, 


bis * £ w #4 4s & 


bin atitheta 
rr la rn yin gg © 7 
24-1: to Mme D AE! 
35:m; t6 fine" DF $44. '68 187 


-v. loom, 
an 


Ns 27 0: Hi | 
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As ine ED 5s; deg. 24 mio. to.line DAE 70 deg, oo min. 

D 40 deg. vo min. to fine A E D is deg. 48 ſeconds, the 
dived polit tion from Summers Iſlands to the Lizard.” And thus are all } 
the ſides and angles of this rk or diſcovered. 

Secondly, By the 8 Problem, I find by what longitndes and la- | 


tudes this arch © D.muſt paſs ; for which the former perpendicular - 


D Bis not apt, therefore inthe foregoi s triangle, page 165. Let A. 
repreſent Summers Iſlands, E the Lizard, D the North-Pole, and 
let a perpendicular fa al from the pole D, which tbe D 3: and draw 
certain other meridians, as DI, DO, DV, &c. ' And fo pro- 
ceed inall points, as in the 8 Problem, to find the lengrh 'of this per- 
pendicular, .and the angles at the perpendicular A D Band E'DB:;' 
and \laſtly for averh"iev erdl longitude from 4, find the latitude 
Longit | anſwerable. Thus ſuppoſing the point [to differ"! 
from A rg | in loggitude from: che Pope A, 5 degrees, that is, 
—_ | ſappoling:the-angle 4D 7 to be 5 degrees,we ſhall 
degmin \d:g,min | find the latitude of rhat point 7 ro be 35 degrees, 
_ | 52 min. -or*{uppoling that angle A DT. to i 


| lo0—20 32. 25| degrees, we ſhall find che latitude of that point 7 


oF 33 F2| be 38degr. 5 1 mins and fo of the reſt; as by 'this 
10 38 F541] Table appFars. ,..,7 
9 3 34] -.: Thirdly; 1draw. aiblagk accarding, to Mertatgr” 
25 x Ta: -proje&tian(which may. be dane either dy nfs rig 
39 [465g] Wn Lables,' as, he, hath; ſhewed ip his Boo Us 


abridgment thereof,;whichy I kay dry 
A and calla Tableof meridional Et as there may 
45 - |: [49.147] -2-meridian.be. drawn by every..fifth degra; of lon- 
5o [59 15] gitude. Iawbichblank, Les, down Suzmers Iſlands ; 
5,$1::.: 62>: 34], ;andithe »Lix4rgz,accor xo Fei Jatity &5, and 
60 [59 33difference gf: longitude. betare given, aud in. 
- —roo| meridiany,. that, as 65; degrees to Ly: 
65! 9:15: 23 - ne el Rn reborin nf; dep. 
$201120! $hmIN. of latigude ian that 
Is 10 g. tothe Eaſtwards of Summers Iſlan 2/9 pie me Tak at” 
38xdegrees, 51 minutes of latitude ;-and ſol Hand, | with all thereſt, 
as 


"0: 


. LE "» cnn ry © SS 
3 - > 4 
[| 


- by e great Circle, 169 
as by this Table I am direfted.,. Theabe theſe pricks, or marks thus 
nade on the Blank, I draw. the archesof Circles or right lines from 
one to anorher ,-and ſo. ſhall I deſcribe'a curve line on the BlabF, 'xe- 

' preſenting ſo rear as ſhall be receſfary , an arch of the great' Circle 

ſling fiom Summers Iſlands tothe'Lizard, And if it were done for 
every lingle degree (as here it ts forevery fifthdegree) it would come 
nearer the exact truth. Which curve line being thus deſcribed on. 
your Blank ,. you ſhall thereby ſee what courſes to ſhape, to keepas 
near it as you think good; and you may fer down your reckoning 
on that Blank accordingly. | 6: TIT 0 

_ As having drawn'the aforeſaid curve line upon the Blank',' ac- 
cording to the ſeveral longitudes and latitudes expreſſed m- rhe 
foregoing Table; I ſee by that Blank, that | may firſt ſhape my 
courſe from Summers Iſlayds, n e half a point Eaſterly about. 200 
leagues 3 fſo- ſhall T have run my ſelf into the latitude of: 38 de- 
grees, 45-minutes; and have altered my longitade g degrees, 30 
minutes : From thence again, I: ſee I may fail away »& bye; or 
if I would not come near the Bank of New-Found-Land, I: may: 
ſhape a more Eaſterly' courſe; . but ſuppoſe 1 ſilk. defire to keep : 
near the arch of a/great Circle, then I ſay I may fail away. re: by e- 
200 leagues, and fo ſhould be in the Tatitude of 41 degrees 32:minutes, , 
and have altered my longitude 14. degrees 36 minutes. From thence: 
again I may ſaile ze half a, point Northerly 165: teagues, and. then 
ſhould be'in the latitude of 45. degrees 2g,minntes, having altered my. 

ngitude 24 degrees, 58 minutes. From thence again failing ex-e- 130 
kagues,I ſhall be in the latitudeof 47 degrees, 54 minutes, and have 
altered wy longitude'3 3 degrees 42 mittutes.” From thence-e# e halfa _ 
ove eaſterly $8 leagues, into the latitude'of 49 degrees, 11 min. and! 

ference of fongitad: 40 deg. 5.min. From thence again if I faite & =. 
70 leagues, I ſhall be jn the latitude, of 4.5 degrees, 5 2 min-.and have-- 

altered my longitude from Swnmers Hands to the Eaſtward 45: deg. 
22 n-vutes. And thus being near the parallel ofthe Lizard,” ] keep: + 

in the ſame parallel, failing Eaft,till Lcome rightoff fromit, which by: | 
this reckoning ſhould be 3 17 leagues ; and fo! the wholediſtance from> 
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17299 3-8632634 7334 3-3653409173693- 8674086 740 43: 869466 
11300 3-8633229/7335 3865400173703. 8674675 740513-8695251 


h3013-8633823173363: 865459317371 3.8675264 7406138695837 


- » 


[11302/3-86344 18,7337 3-8655185j7372/3-8675853j7407]3-8696423] 


o | #73933-353501 3 7338 3.8655777/7373]3-8676442)7408]3.869701 
| P3904 3-8635608, 7339 3 8656369173743: .8697031,7409]3-86975 
17305 3-86 8636202 17340 3-86 8656961 7375386 8677620,741c 3: 3.86981 82 
0 I [7306138536797 .7341Þ: -$6575321737633-8678209þ41 1/3.8698768 
od | 1307:3-8637391(7342/3-85581 44 73773-8678798/741 23. 
# F [739333 8637985 5p .$658735 7378/3-86793877413'3. 36999 


113993: 86385807344 8659327 7379/3-8699975[7414'3-87005 
17310,3-$6392 747345 


A nr 3843. $682 or” Vogt 9 4 8703454 


3.8661691} a 1 . 868232 7418 3. 870286 


"$8 


: 7297 3: 86314437332 3+ .86522251j7367 3. 8672907, 740213.8693497f. 
[1298 3-86320397333 3-8652815173683. 8573496; 7403/3 8694077 | 


o 86599187380 3.8680564{[741 1 53-8701 112]. 
I i #731113; 386397687346 3; 38660509 5381 3. 3.3681152 52174163. 3.$7501697 | 
or  17312ij3-$640352 734713 $8661 — 3.368174 74173 8702283 : 
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1-8704624/7456/3 
3.87052091745713 


3. 8705965 745013 
8797549 74613 


s $798719 7463 


1[3-8710473 7466 
13-87 11057 7467 


58705795 7458 
3-3705380 745913 


3-8799304 7464 


3-8709888 7465 


3.871 16417469 


17434 
7435 
7436, 
17437, 


17439, 
7440, 


7441 
744213 
7443 
7444 
7445 


74383. 8714562;7473 


E; 8712226; 746 9 
13-87 8712810 7479 
3-8713394 7471 
3» +871 39787472 


3-8715146;7474 
3. 3.8715729 7475 


{logarithm N Nut 


3:8725059 7491 

372.5641 7492 
38726224 7493 
.8726805 7494 


3-372.7358 7495 


TEES 
113-8745 398 
3-8745978 
3-8746557 


13.8747137 


38747716 


$727979 74.96 


3.57482.95 


3.8748552:749713-8748875 
3. 8729134 749%3. 8749454 


3-8729716 7499; 


3.8730298;7500 3.875061 3, 7535 3-8770833] 


3. 8750034 
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Nun 
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T5327 


7 52013- 
152% , 


7$2C} 3s 


PPT "ROBY 


td aritnmn,' nm. 


—  - ————————— 


T2393-07075 


7531 


3.87608526 


7532 


1333 
1334+ 


13.875 9680 
3.6770256 


3 8730880 7501:3.8751192. 7536 3-8771409 
3873146117 59213-8751771/75373-8771985 
3-8$732043'7593[3-8752349 7538 3-8772561 


3.8732625'7 $94 
3+ 8733206, 7505 
3.8733788.,7506 
3.8734369/7507 
3-8734950, 7508 
3s 873553117599 
3. 3.873611217510 


3871631317476 


3.8716897 
3-8717480 


7478 


3.8718064 


1477 


1479 


3.8718647j7450 


3. 3.8736693;7511 
3.8737274\7512 
3.8737855 7513 
3-8738435;7514 
3. 3.87399167515 


3-8752.928/7539'3-8773137 
3.8753507 75493: 8773713 
3-8754086 7541\3.8774289| 
3.8754664 754213. 8774865 
33755243 7543/3-8775441 
3-8755821, 75443. 8776017 
3.8756399 7545 [3.8776592 
3. 8756978,754613.8 8777168 


3.876910z | 


FP4. Co wc Yo wa = 


38777743 


3. *8757556[7547 
3.877831 


3-87581 34 7548 
3.875871217549 


3-8759290 


. $7449 
7447 
7448 
7449 
7450 


3.871 9814 


[3-$720397 


3.8720980 
3-8721563 


3.871 92.307 


481 
7482 
7483 
7484: 
7485 


3.8739597 7516 
3-8740177,7517 
3-8740757 7518 
387413387519 
3-8741918-7520 


745113 
17452 
17453 


8722146 
3.8722728 
3.8723311 
3-872.3894 


7454 
745 


7486 
7487 
7488 
7489 


3.87424983 7521 
3,874.3078 7522 
3.8743658-7523 


.$724476 


2490 


3.38760445 
3.876160! 


38762756! 
3.8763333 


38744233 7524 
3.874418 7525 


3.8761923)” 


3. 8763911 


3.8759868/7551 


7559} 
3-8765065\7560) V78g21 


3.8778894 


Is 3.8762178 


8784643 
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| Logerithm. 
3.8785792[73 
h56213.8786367 
3.87386941 
38987515 
513-$788909 
£66 3.8788663 


” WC CIRS..., rr Em OT. _— —— 
? —_— 
£4 es : 


13-8789811 
2569/3. 8790385 
7579 3- 3.8790959 


7571 13. 3.8791 532 
7572 3-97 92106 


17574 3-$793253 
7575 38793326, 


7576 3 3.87 94400 
7577 3-8794973 
1578 3.8795546 
7579 3.879519 
7580 3-87 8796692 


713 8789237 


7573 38792686 


[Num Togerithm. Rag Legs 


7596[3, 8805850 7631 
759713. 889642117632 


| Logarithm. 


7598j3.880699317633/3.8826953 


75 9943». 88075647634 
7600/3. $808136 7635 
760113, 8808707 17636 
760213, 8809279,7637 
760313. 8809850/7638 
SS 881042177639 
760513.8% 8810992; 17640 
7606'3,881 1563 764115 
7607.3.881213417042; 
76083, $8812905(7643 


7609 3.8813276 Pe 


7610.3. 88138477645! 
7611 TEP 3-8814417/7646/3.88 
7612.3. $9 149897647 
76133, 88155587648 
76143- 881612 en 
761 


7581 13. 3.8797265 
[582/3- .8797838 
1583/3- .$798411 
[584-3- 8798983 
7585;3-8799556 
3. 3.388001 28 
3.8800701 


9013.880241 8 


3.8803562 


3.8801273, 
3.8801 846 


13.8802 990 


3.88041 34 
3.8804706 
3.8805278 


53 88166997650 
are, 88172697 7651 
761713. 8817840] 7652 
761813. 38184007653 
761 93.881 8980,7654 
762013.88195507655 
762113:88201 20,7656 
762213. 882068917657 
762313. 88212597658 
762413. 88218297659 
7625 88223987660 
762613.8822968,7661 
7627/3.8823537/7662 
762813.8824107,7663 
762.9/3.8824676{766 


3.8833885 


3.8842855 


3-8844555 


76 303. 8825245766 5 


13. 8845122 


3.882 5815} 
3:3826384| 


7666 
7067 
7668 
3.8827522(766 513. 
ER 88280g0; 7670 


»8828659/7671 


3.882 292287672 
3.8829797,7573 


3.8830365/7574 


3. 8830934 7675 

:8831502/7676 
3.8832070,7677 
3. $832639,7678 
3.8833207,7679þ 
3.80 8833775/7600 


3.8834343/7681 
3.883491 1176821: 


3.883547917683]3 


3.8836047,7684 


3.8836614;7685] 


3.88371 8217686 
3.883775947687 
3.883831717688 
7689 
7690 
769113 
7692 
7693 
7694 
7695 


3.8839452 
3.884001 9 
3.8840586 
3.8841154 
3.8841721 
3.8842288 


Num} 


Logarithen, \ 
3. 3845688] 
3-8846255| 
3-8846821 
3-8847954 
3. 3.8848520 
3.884.9086 
3-884.9652 
3.8850218 
Ze 3.8850784 
3.8851350 
3.8851915| 
3.8852481 
38853047 
3-8853612 
38854178 
3-8854743] 

3.8855308 
3-8B55874] 
3-8856439] 
3.8857004 
3.8857569] 
3-8858134] 
3-8858699 
3.885 9263|- 
ET a8zd 
3.8860393 
3.8860957 
3.8861522 
3.886208 


7696 
7697 
7698 
7699 


38843421 
3.884.398 


7700'3.8864.907} 


3.8862651f 
3.886321 5ſ 
3.8863779 
3.886434 3] 
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IN: Num Logarithm. [ 
7700 


170338866599 
7704\3.8867163 
7705/3.885 8867726 
7706|3; 3.38682 90 
7707(3-$86885 4 
7708(13.8869417 
7709/13:8856.9980 
{dd clad Don 


3386547 11773 
170213.835603 597737 


Num|Logarichm. 
©. 3.38885 155 
3:8885726} 
3- $886287! 
3.8386848-7 
3- :88874197775] 3. 3-8907004 7810 3. 3.8926510 
2 8847971 7776 3:38907562 781 1'3.8927066 


7738 
7739 
7740 


7741 
7742 
774313 
7744 
7745 


771113.8871107 
7712138871670 
771 313-38722 33 
77143. 8872796 
771 5Þ-$873359 
7716{3.8873922 
= :$8874485 
7718 8875048 
77198: .8875610 


7729 . 88761 73 


I 
80109 

13. 8880671 
.$8881233 
-.8881795 


7758} 


7746 
7747 
7748 
7749 
1759p. 
7751 
7752 
7753 
7754 
1755 
7756 
7757 


7760 
7761 
7762 
[7763 
7764 
7765 


8882357 
.8882 91 8 


7766 
1767 


| 8883480 


768 
7769 


[Num 


LENS 


7772 
7773 
774 


3.8888531 7777! 


3.8889653 7779 
ns 88902147780, 


3.8890775 7781} 
3. 8891 336 7782 
3.8891 896 778F 


3.8893017 7785 


| 89047697805 Z: 3624206 { 


88890927778) 


EP 8910354 7816'3.89298465 


3.8892457 7794; 


im Logerithm.” Num n Logarithm. 1 


3:89053287807 3.8924842] 
3, 8905887 7808 3.8525398 
3-8995445 7809 3. 892 5954 


1 


3-8908120,7812'3.8927622 
Ze 890867978133. 8928178 
3.8909238 7814 3.89287 34 
3.8909796 781 5'3.8929290 
3.8919912 7817'3.8930401 
3.8911470,7818'3.8930957 
3.8912028, 7819'3- 8931512 


3.83853577 7786 
3.8894138 7767 
2.38894698 7788} 
3.8895258 7789} 
3.3895818.7790 


EEE Gro — —— 


> 8896938;7792]3. 
3-88974.98,7793 
3. ogboy® 17794 


3. 38991777796) 
3.8899736(7797 
3; Sorodod 7798 
3.8900855j7799 
3-5901415 
3.8901 994. 
8902533 
3.8903092 
3-890365t 


58014 
7802 
7902 
780 


[3.891258 86,7820/3- .8932068 


3.8896378.7791]3. 


13, 8913144 782113- 5932623 
3.8913702: (792.2/3- 8933178 
3. 8914259782313: -8933733| 
3. $914817,7824'3. 8934288 
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5 


54d 89505 | 


| 


3+ 5.889861 77795/3.89 i 


780ofz 


3.891 9275!783213.893872 | 
3.891 98321983313.8939201| 
3.892035 91783 443. 0939DE |. 
80209451835] 94039 
8921 503/783613. 894092: 
3.8922059j783713.894.149 


3:8923173j783913.89426 


3.8922616|7838 þ 3942053 


77703: $904210780513;592372 7840j3.8943161| 
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| 842 

F843 
[7844 


_ [7852 
[7853 
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LIAS'S, 
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Wn Logerithm.q —_ 
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3.894371 
3. 89442587877 
3.8944$22j7875 


7845 
7346 
7847 
7848 3 


78493 


17850 


7851 


7854 


7855 
7856; 


3.894537$7779 
3.8945929.79 7p69 
3.8946483/7887 
3.894703717882 
3.8947 590,783 
3.894814 37384 
3.8948697 7885 

3.8949250 7886 
3. 8949803;7887 
3, 8950356, 1838 


vi Engarithm| 
3:8953058 


———_ —— —— 


3: :3963608, 
3.8964160 
3.896471 1 
3.8965262 
3:8955813 
3.3966 364 
3.8966915 
3.8967.466 
3.895801 7} 
3.8968568[7921 


F. 8969116] 


3.8950909;7889 
3.8951462;7890 


———— —— .—,,.c 


Num 1 Logarithm. Num Tagen. : 
5011138982319 7945 3: 3.9001 486 
79123.8982863/7947 3.9002032]. 
7913 3-d983412.7948 3.9002579 
79143-8983 960, 7949 3-9993125 
7915 3:5 8984509. 7950 3.9003671 
79163.85985058 7951 3. 39004218 
7917 3.8985606 7952 3.9004764 
7918 3.8985155 7953 3-9905310 
79193- rods 79543: 9005956 


3. 59091 17922 3208067 7958 
38970220 7924/3. 8989445 7959 
3.8970770. 7925, EE 8989993 7960 
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| 7868/3. 8958643 


1187903.8959747 
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785 913-3953673 
786913.8954225 


3956435 
7865 3; 3:38956987 
7866|3:8957539%7 
7867|3.8958091 


78693. 89591 957 


7871 3.85 $560299 
98723-8960851 
78733: Pharm; 

743-8961 954 


56;3.8952015;78913. 
785713: 89525687892'3, 
7858]3.89531207893/3. $972421 
| 7894 3- $972971, 
78953 3.8973521; 
 h861]3.895477817896 3.8974071 


7862]3.895533978973.8974621 
7863]3.8955883}7898 3.8975171 


7899 38975721 
7.90D 3 8976271 
9O1 Z« 3.8976$21 


7928 


7929 
7930, 


{7931 


3-8991089 7962 
3.8991636 7963 
3.8992184 7964 
3.9992.732 7965 
113-8993279 7966 
3.8993827 7967 


7932 
7933[3-8994375 
79343: :8994.922 
7935;3:8995469 


7936, 3.899601 7| 


7902.3.8977370 
7903 3.897792 
904 3:89L8469, 
7905 3-897g019 
7906 3. 3.8979568/794 


7907 3-89801 17, 


7908: 3. 8980667 


17875'3> £962 508 


909 3: 39912109448 
oohp10'3. 8981: 8981765179458: 


7937/3-8996564 
793818:38997111 
79393-8997658} 
79408: 8998205; 


79683 
7969 
7979 


797118. 
79721]3+ 
797313» 
797413: 
297513: 


3. "9005948 
3-90074.94 
3.9008039 
3. 9008585 
3.90091 31 
3-9009676 
3.9010222 
3.901 0767 
3.-9011313 
3-901 1858 : 
3-9012403 
3.9012948] 
3.901 3493 
3.9014038 
3.901 4583] 


7941/3:8998752 


7943}. .$899984 
- 90003 92 


7942/3- 899929977 977; 

5797 {3+ 
(99793: 
900093 97980! 


7976} 


9675 


3-9020029. 


3.901896] 
9% 8940] 
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7981 39920573 


798 243, gOLTLE7 BOLTS 02401198052/3 
7985 | 3, GO2Z 1661 $018! 3-9040561 505 3'3.9059577 8088/3. 907S41 1 
3.90601 15 8089/\3 9078948 


D arirhn, Num Logarithm. : Nun 


To 9039577 


$051 


798% 349022255 8019 3,9941202 8054. 


N3 


Go4 


798: 98513.90 


7986 986{3,96 9023293 $021 3. 39942285 8056 
7987 3,992 3837 $022 3. 9942827 8057 
7988 3,9024331;8023 3.9043365, 8058 
7989 3.9924924 8024 3.9043909 8059 
7990 3,992 5468 8025 3-90444509, 8060 
(7991 3-99256011 8026 3.9044992 "3o6113 
17992 3-9920555 8027-3.9945533/3062 
7993, 3.9927098 8028 3.9046074 $063 
17994, 3.9027641|8029'3.9046615'\$8064 


— 


7995'3 3-90 .9028 28 185/$030 3.90 9047155: $065! [3-9 9066044; 


7996 3- 3.9028728 
17997, 3- «9029271 
7998, 3-9029814 
7999, 3-9939357 
8000 5.9030900 


[8032 


8031!3.9047696 
3-9943237 
8033 3:9048778 
\3034/3.9049318 


' 
| 
8035:3-904985 918 


1800113- 9031443 
18002/3.9031985 
869313 .9032528 

8004.3-9033071 
800513- 3.9033613' 
$001/3-9034156 
$00713-9034698 
 {8008}3-9935241 


$013 3. $4795 [ 
13- 9038493 
3.903903 D) 


(3. > O——— — 


$037 5 9050942 
$038 3. 9051480] 
8 393+ .9052020 
8049; 3.9952560 
8041/3.9953101 
$042/3-9953641 
$04313-9954181 
8044/3. 9054721 
325 3045}: 225520 


$047 3. .9056880 
804913-9957420 
805013. 9957960 


ogs 
8067 


8069! 

8070! 
__ 
8072 
$073 
8074 
8075 
8076 
8077 
8078, 
8079 
8080 
8081 
8082: 
8083 
8984 


; 


8068: 13.9967559 


3.9066582 
9067121 


3.90681 97 
3.9068735 
3.9069273 
3.$069812 
3.9070350 
3-9970888 
3-9971425 
3.9071 963 
3.9072501 
3-9073038 
3-9973576 
3-9074114 


at Gates 


39058498 3986 | 
3.9059038 8087 fn 9077874) |. 


'8 1 00! 


3101 
8192 


$104 


106! 
8107. 
8108; 
8109! 

I1O 
8111 
8112 
8113 
8114 
8115 


| Logariebn, | Nu r Logeritbn, | 
3-9977337]. 


Z27 749.8020 3.9 $41 744 805513 9060656, 8090'3; ,9079435 | 
3.9061 6195) $0913. 9080022 
3.9961734 $092'3.9980559 
3-9962273 8093t3.$081095 
3. 9062812 $0943. go8 1632]. 
349053351 8935 iZ+ 3.9082 16g 

3.906 3889: 80963. 9082705} 
3.9064428 8097:3.9083241 
3-9064967 $0983. 9083778 
3.9965505' 809913: 9084314 


'3. 9084850 


—_ _  _— —_— 


'3.9085386| 
3.9085 922]|- 
810313. 9986458] 
3.9086 994 
$1058: 9087530 


EL 9088066]. 


3.9088602 


'3.90891 37]: 


3.9089673 


3-909920Y.. 
3.9090744] 


3.9091279-. 


3-9091815 
3-9092.350 
3.90928 


39074030 
3-9975188 
3-9075726 
3.9076263 


8085 


3. 9076800 


8116 
8117 
814 8 
8119 


5120, 


3.909342 
3-9093955 


3.9095025 


73 


3-9094499. 


EE 


3.9095560 


[$1353-9193576 
j0136:3.910410 
3.910464. 3i81 72 


3-91057108174 
49,3-91062448175 
181 4-1[3-91067 
1814213:91073 
18143!3.91078 
| 1443-9108378]8179 
145/3-910891 118180 
$146 3-91099444'8181 
11 47,3-9109977 
1 148,3-91105 10, 
181493-9111043;38184 
WL3DEN 11576 bel 
Þ151;3-91121098186 
81 $2,3-91 1264281 87 
4P153.3.9113174:8188 
' $154.3-91 13707, 818g 
0155 3-91142408rg0 


= 
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[913013-9190905[S165 3.91 19562 
1 31]3.91014408166 3.9120094 
3.9101 9748167 3.91 20626}8202 
3.9102508[8168 3,9121157j$203 
3.9103042Þ1693.91 216898204, 
3.-9122220j8205 


3.9129126 
3.9129656{82r9 


87 


l 
3-91 30717 
3.9131248;8222'3.91 4.977 
3-91 31778] 
3-91 32309, 
3:91 32839 
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